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A pupil's experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of sc'ience, this is the a^e at which most stu- 
dents first gk^i .the ability to study science in a really organized way. 
Here, too, the com'mitment for or against science as an interest or a 
vocation is often made. ! 

Paradoxically, the students at this critical age have been the ones 
least affected by the recent effort to produce new science instructional ■ 
materials. Despite a number of commendable efforts to improve the 
situation, the middle years stand today as a comparatively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and its accompamjifig materials represent one attempt' to provide a 
sound appro^idfrlo instruction for thi^ relatively uncharted level. 

At tJiO'Wset the organizers of the iSCS Project decided that it - , 
wpuld"^ shortsighted and unwise to try to fill, the gap^in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established fconcepts ^ ^ 
about how to teach and just what science material can and shoulji be * 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teachers, children; and teaching until 
wc have had the chance'to test these assumptioriVin actual "classrooms 
with real children. As conflicts have arisen, our policy has been to rely 
more lipon what we saw happening in the schools than upon what 
authorities said coyld or would happen. It is largely because of this 
■policy that the. IS^GS materials represent a substantial departure ^from r" 

the npnft . 4^ 

The primary difference betwl^ the ISCS program and more con- 
ventional approaches is the fact that it all6ws each student to travel , 



at his own pace, and it permits the scope anjJ sequence of instruction 
to vary with his interests, abilities, and background. The JSCS writers 
have systematically tried to give the student more of a role in deciding 
what he should study next and how soon he should study it. When the 
materials are u^d as intended\the ISCS teacher, serves more as a 
"task easer" tj(an a "task, master." It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs fo know, 
-There is nothing radically rtew in the ISCS approach to instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education. ISCS has tried to do something more 
"than pay lip Sefvire 

design a system whereby an average teacher, operating under n6rmal 
constraints, in an ordinary classroom with ordinary 'children, can in- 
deed give maximum attention to each student's progress. 

The development of the ISCS materia! has been a group effort from 
the outset. It began in 1962, when outstanding educators met to decide 
what might be done toSmprove middle-grade science teaching. The 
recommehdations of these conferences /were converted into a tentative 
plan for a set of instructional materials by a small group of Florida' 
State University faculty members. Small-scale writing sessions d»-' 
ducted on the Florida State caWipfis during 1964 and 1965 resulted in 
pilot curriculum materials thatlwere tested in selected Florida schools 
during the 1965-66 school year. AH this preliminary work was sup- 
ported by funds generously provided by Jhe Florida State University. 

In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort. 4 

The first drafl of these materials was produced in 1968, during a 
summer writing conference. The conferees were scientists, science 
educators, and junior high school teachers drawn from all over the 
United States. The original materials have been revised three times 
prior to their publication in this volume. More than J50 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in^ their field testing. 

We sincerely hope that the" teachers and students who will use this 
material will find .that the great amo,unt, of time, money, and effort 
that has gone into its development has been worthwhile. 

Tallahassee, Florida 
F^ruary 1972 
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Notes to the Student 



The ward science means a lot of things. All of the meanings arc **right^** 
biit none are complete. Science is many things lind is hard to de- 
scribe in a few words. ' 

We wrote this book to help you understand what science is &nd what 
scientists do. We have chosen to show you these things instead of 
'dejfcribing them with words. The book de^scribes a series of things for 
you to do and think about. We hope that what you do will help you 
learn a good deal about natufe and that you will get a feel for how 
scientists tackle problems. ^ . ^ 

■ \ 

How is this book different from othai; textbooks? 

This book is probably not like your other tcxtbooks.^^To make any 
sense out of it, ypu tnust work with objects and substances. You should 
do the things described, think abo\it them, and then anSvycr any ques- 
tions asked, sure you fiinswcr each question as you come to it. 
- The questions in the book are very important. They arc asked for 
three reasons: . 

1. To help you to think t^irough what you sec >ftnd do. 

2. To let you know whether or not you understand what youVc done. 

3. To give you a recoVd of >what you have doit^; so that you can 
use it for review, 
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How will your class be organljted? ^. ■ c 

YouT science class will probably be quite different from your other 
classes- Tljis book will let you start' wbrk witfi less help than usual 
from your teacher. Ypu should begin each day's work wherit you left 
off the day before. Any equipment and supplies^^, needed wll fee wait- 
ing for you- 



Your teacher will not read to you or tell you the things that you are 
to Icam. In<>tead, he will help you and your classmates individually. 

Try to work ahead on yaiir own. If you have trouble, first try to 
solve the problem for yourself Don't ask your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your teacher will try to help you find where 
and how you went wrong, but he will not do your work for you. 

After a few days^ some of your classmates wilj^c of jyoii and 

others will not be as far along. This is the way the course is supposed 
to work. Remember, though, that there will be no prizes for finishing 
- fti^t Wof k at Avhatever ~speed4s -be^t 
stand what you have done before moving on. 

Excursion.vare mentioned at several places. These special activities 
are found at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teacher may ask you to do an excursion. 

What am I expected 16 learn? 

During the year, you will work very much as a scientist does. You 
should Jearn a lot of worthwhile information. More important, we 
hope that you will learn how to. ask and answer questions about 
nature. Keep in mind that learning h^w to find answers to, questions // 
Jusi as vahiahle as learning the answers themselves. 

Keep the big picture in mind, too. Each chapter builds on ideas 
already dealt with. These ideas add up to some of the simple but 
powerful concepts that are so important in science. If you arc given a 
Student Record Book, do all your writing in it. Do not write in this 
book. Use your Record Book for making graphs, tables, and diagrams, 
too, ' . ' 

From time to time you may notice th^t your classmates have not 
always gi.ven the sarae answers that you did. This is no cause for/ 
worry. There ar^ymany right answers to some of the questions. And 
in some cases^u may not be able to answer the questions. As a 
matter of fact, no orie knows the answers to some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will learn 
some of the things we don't know as^well as what is known, Good luck! 



up, Up, and JVway 



Chapter 1 



Most Americans have watched on television as rockets are 
launched into space from Cape Kennedy, ^ou may have 
been fortunate enough to have been there yourself— seeing, 
hearing, and feeling the blast-off. Whether viewing it in 
person or on TV, you saw the long tail of flame streaming 
out behind the rocket as it left the ground. And you probably 
noticed that the -rocket, rose slowly at first, then faster and 
faster. Dp you know why? 



Maybe you\e wondered why it" takers such . a Ixugc rocket 
to get a-rather small spacecraft and three men into orbit. 
You probably know that the rockets are, built in sections, 
called stages. One stage after another is discarded as the 
rocket pushes the spq^cecraft into orbit. Do you know why? 
Perhaps youVe heard that a rocket engine works bett^ out 
in space than it does in the earth's atmosphere. Is this really 
true? / 

To find the answers to questions such as those, you need 
some firsthand Experience. First, you will launch a rocket 
to see what it takes to get it up. You and two other students 
will make up a launch team. Your team of three students 
slfcSlrW-g^tst^^^ cqufpment: 

1 plastic water rocket, with pump and filler funnel 
1 5-liter bucket, half full of water 
1 lOO^ml calibrafpd beaker 
! meterstick 




Before launching the rocket, read the following operating 
instructions carefully. Also, look back at ihem from time to 
time to be sure you are observing them. The rocket is break- 
able and should be handled carefully. 



I. Use clean water in the rocket. 
!J. Keep all parts free of dirt and sand. 



FIgur* 1-1 



3. Apply oil or grease occasionally to the trigger release 

slide, barrel, ^nd washer. 
_4. Keep the pump rod:bilcd with my fine, machine oil 
5, Use cold water in the rocket, (Hot water could ruin the 
* rocket.) . ^ ^ 

.6. Avoid pumping more than 20 strokes into the rocket. 




Barrel 



Pump rod 




Trigger release slide Get permission frofh your teacher for your team to go 
outside with your equipment and textbook. 



Safety Note You ml) need to go to a clear area away from 
buildings, trees, and wires. Try to find a spot about 100 feet 
from trees and structures. Do not point the rocket at peo|)te 
or windows, and don't lean over it yourself. 







CHAPTER 1 



ACTIVITY 1-1. Insert ttie funnel. Pour In 50 ml of tap water, 
twinging the level to ppjnt A on the diagram.; Remove the 
funnel. 





ACTIVITY 1-2. Attach the pump, with the rocket ttill pointing 
down. Push the lock ring forward so that^it (its securely over 
the flanged end of the rocket;, not Just around it. 



ACTIVITY 1-3. Tbm the rocket i^kyward. Pump exactly 15 
strokes. Ask the other warn memi^rs to stand back. 




ACTIVITY 1-4. Hold the pump securely, with the rocket 
pointing straight up. Support your hands on a post or f^^ter- 
sllck. When all is clear, release the rocket by pulling back 
on the trigger release slide with your forefinger. 





.. ■ 4 
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4 CHAPTER 1 



The launch was successful if the rocket moved almost 
straight up. Was your launch a success? If not, repeat Ac- 
tivities I- 1 through 1-4. 

Once you have mastered getting a good faunch, you arc 
ready to bcj^n your investigation of rocketry^ You will try 
to find out what cfiecf certain variables have on how high 
your rocket goes. To accomplish this, you heed to be able 
to measure the launch height. 

You and your partners should return to the classroom, 
where you will make a height-measuring instrument. Your 
team will need the following: 

1 piece jof string, 40 cm long l_ . :_ 

3 square pieces of cardboard, each at least 25 cm on an 

edge ! 
l^pcncil 

1 pair of scissors ' , 

1 protractor 
1 ruler 

Continue to work with your partners, slharingjhc equip- 
ment as necessary. Each member of the team should make 
his owVi height measurer from his piec<; of cardboard. 

ACTIVITY 1-5. Tift a small loop in one ftnd of th« string. Slip 
thft point of your pencil through the loop. Hold the pancil at 
one comer of the cardboard and stretch the string to the other 
corner; hold it securely with your thumb. 

ACTIVITY 1^6. Swing an arc with your pencil, letting It make 
a curve from corner to corner of the cardboard aquaye. If the 
cardboard tendt to slide, asic a partner to hold it securely as 
you draw. With the scissors, cut along the arc to get a pie- 
shaped quarter of > circle. 



I' 



c 

I 
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ACTIVITY 1-7. Placft the protractor on your quarter-circle as 
•liown. Starting at 0 degrees on your protractor, make a 
pencil mark on your cardboard every 5 degrees. Mak^^your 
worfc as neat as you can. Your pencil must k>e sharp and the 
marks accurate. 



\ 



V 




« ■ I > — ■ — 

ACTiyiTY 1-8. Use a ruler or a stralghtedge^lb draw straight 
llnM from thsf right-angle corner through eani mark to the 
curved edge. Label the numt>er of degrees on each line as 
shown. 




\ 



I 



The instrument you have constructed is called a quadrant 
bccaiise it is made from pneTourth of a circle. Early mariners 
used simple wooden quadrants to measure the altitude angle 
of stars.. ' r 
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Now you arc ready to collect data on your rocket launch. 
Your tcam\vi!I need your teacher's permission to go outside, 
as well as the following equipment: 

3 cardboard quadrants ^ * . 

1 plastic water rocket, with pump and filler funnel 

1 5-litef bucket, half full of cold, clean water 

1 lOO mI calibrated beaker 

1 mcterstick ^ 

Once again, take your equipment to an open area away 
irom buildings, trees, and wires. Two members of y<Kir team 
will act as observers while the third member launches the 
rocket. 

Before launch, each observer may want to practice sighting 
on some stationary objects, 

ACTIVITY 1-9.^When ready to launch, select a good site. Each 
observer should t>e 25 meters from that spot In different dl- 
rectlonsl ^ " 




ACTIVITY 1-11. Hold the quadrant steady with one hand as 
the rocket Is launched. Move the first finger of the other hand 
along the edge of the quadrant, following the rocket's flight 
until it reaches the highest altitude. Keep your finger at that 
point until Vou can read the number of degrees. Record that 
niAmber * 



■ Dl-I. What angle did Observer A get? What angle did 
Observer B get? 

Dl-2. Did each observer get the same number of degrees? 

□ 1-3- If your Answer to question number 2 was No, wha( 
reasons can you give for the difference? 

If you have time, you may want to repeat Activities 1-10 
and i ll to check your results. You may want to take turns 
launching so that each member of your team gets to use his 
quadrant. 

Using Table 1-1, aYi observer 25 meters away from the 
launch site can find out how high the rocket went. The height 
in meters appears directly below his lasi observed angle. 




Table 1-1 



Height Converter for Observer *!t 25 Meters 



Angle 


0° J 


5° 


,10° 


15° 


20" 


25° ■ 


30° 


35° 


40° 


Height 


0 m 


2.2 m 


4.4 m 


6.9 m 


9.1 m 


1 1 .7 m 


14.4 m 


17.5 in ^ 


21.0 m 


Angle 


450 4 


50° 


-55° 


60° 


65° 


70° 


75° 


80° 


85° 


Height 




25.0 m 


29.8 m 


35.7 m 


43.3 m 


53.6 .m 


68.7 m 


93,3 m . 


> 

141.8 ni 


285.8 m 



□1-4. What height corresponds to the an^le lYieasured by " 

Observer A? CHAPTER 1 
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□ 1-5. Whal height corresponds to (he angle measured by 
Observer B? , 



□ 1-6. What is the average of the two heights? 

If you were able to get the rocket to go nearly straight 
up and if the observers measured about the same angles, 
corisider your launch a success. 

Now back to the question you need to answer; What vari- 
ables a fl eet how liigh the rocket goes? To exm-es^ [l AHP^yi^??! 
way: What' thing (?r things can be changed to rnake the rocket 
go higher? 

From time to time in this unit,"^u will be a^ked to do 
"problem, breaks." These are problems for you to solve, 
without much help from your book or-from your teacher. 
The problems will usually help you *unperstand what you 
are studying in the chapter. But that's not their major pur- 
pose. They are designed to give you practice in problem 
solving and in setting up your own experiments. You should 
try every problem break — evein the tough ones. And in most 
cases you should have your teacher approve your plan before 
trying it. The first problem break in this unit is coming up 
next. 

^ i 'r 

PROBLEM BREAK 1-1 / ^ 

The water that was forced out of the rocket must have 
had something to do with the rocket's going up. The air that 
was forcefd into the rocket must also have been important. 
These two factors should ib^ investigated to determine their 
eflect on the hpfght that the rocket reaches. Design an exper*- 
imerit that will allow you to measure the effect of these tWQ 
variables. You will probably want t6 use several different 
amounts of water (measured in millihters) and air (measured 
by the number of pump strokes). However, investigate only 
one of the variables at a time. Control, (keep constant) all 
other variables, \ 

Try to find two other people to work with as a team. 
Outline your procedure in^your Record Book. Describe in 
a few Words what you plan to do and what you expect to 
happen. Then get your teacher's permission to try your ex- 
periments. Record your data carefully. Be sure to use two 
observers to measure the height the rocket reaches. This 
heigl^is a mftasure of performance of the rocket. Follow 
the steps for rocket launching in Activities 1-1 through 1-4. 



Caution In working wijh (he variable ofainouni of^air, donU 
over-pump the rocket. Twenty strokes is the suggestml nuLxi- 
mum. 

' "* • , 

^,X]1*-7. Describe how increasing the amount of water afFeets 
mc height reached by the rocket. ^ ^ ^ 

□ 1-8. Describe how changing the amount of air aflTects the ^ 
height reached by the focket. 

In Problem Break l-l, you have learned what effect two 
>^iables can have on how high the rocket goes. But yoa 
may still wonder why these variables cause the rocket to go 
up at all. Just why should water and air make it rise? Some- 
thing about the combination of these variables influences the 
rocket by giving it a push upward. 

□ 1-9. Perhaps you would like^'to^ give your own ideas on * 
how air Under pressure and water cause an upward push on 

^the rocket. There is a space provided in your Record Book. ^ 

To check jour ideas, you wiH continue to investigate the 
upward pu>sh in the next two chapters. 

B«f6r* going on, do Self {Valuation 1 in your Record Bool(/ 

■ - ^ ■ 




/ 
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What a Reaction! 
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A Saturn-Apollo rocket is a very large object. !t stands more 
than 100 meters tall —more than the length qf a football 
field— and has a base abmn 10 meters in diameter. When 
fueled, it weighs 3,000 tons— as mnch as 24 diesel-electric 
freight locomotives. 

Yet when the tail of flame shoots out of the base, one of 
these rockets lifts noisily ofl" the pad and heads into the sky. 
How is this immense machine able (o get ofl" the ground? 
Where does all the upward push come from? To get started 
in answering this question, you need to look at a very much 
smaller and simpler push. 

A push is a force. So is a pull. You will be working with 
such forces throughout much of this unit. Therefore, you'd 
better knew how to nioasure them. Perhaps you already do. 
In fact you may have used a special force-measuring device 
in Volume 1 of ISCS. If not, do Excursion 2-1 before going 
ahead in this chapter. 

Now back to that small push. Find a partner |ind get the 
following equipment: 

1 balloon 

1 one-hol§ stopper (# 1) 
I force measurer, with thin blade 
I 0-1 newton scale 

I angle bracket, with 2 bolts and 2 wing nuts 
1 clamp - 



c 



ACTIVITY 2-1. Fasten the clamp on the angle bracket with 
bolt and wing nut. Using the remaining nut and bolt, attach 
the angle bracltet to the end of the force-measurer blade. Be 
sure to use the thin blade and the 0-1 newton scale. 




0^1 newton scale 
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ACTIVITY 2-2. Stretch the opening of the balloon over the 
larger end of the one-hole rubber stopper. Blow up the bat- 
loon.^ While holding the neck of the balloon to keep the air 
from escaping, f6rce a pencil securely into the hole in the 
stopper. The pencil acts as a plug. 



ACTIVITY 2-3. Slide the stopper into the clamp on the force 
measurer, Zero the 0-1 N scale. Although the balloon n^ay 
rest on the force measurer or the table, the blade must be 
free to move. Now carefully remove the pencil by twisting It 
and observe what happens to the blade. as the air escapes. 
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□2-1. Does the force measurer indicate that a force is acting 
when the pencil ii$ in, the stopper? 

□2-2. Does the force measurer indicate that a force is acting 
^hen the .pencil is removed? 

Repeat Activities 2-2 and 2-3 and try to measure any 
change you observe: T 

□2-3. Was the direction of the force acting orf the blade the 
same as, or opposite to, the direction of the air aj? it rushed 
out? . p 

□2-4. How rnuch force was acting? 



Figures 2-1 through 2-3 may help to explain what jou 
observed. With the balloon inflated, the air inside exerts (he 
same force in all directions. This forc.e is called pressure. 
The air pushes outward against the sides of the balloon and 
against the end of the pencil that closes the hole in the 
stopper. Only eight force arrows are shown in the diagram, 
but actually they can be consi^|^ed to' be countless. Since 
equal forces act in all directions, the forces are in balance. 
Thus, the balloon does not move. Its sides'are merely pushed 
outward against the outside air;, which pushes back. 

When the pencil is removed from the stopper, air rushes 
out. The air within the balloon continues to push on the 
inside of the balloon in all directions. At the outlet, however, 
there is no balloon to push on. With the force still pushing 
on the inside of the balloon at the point opposite the outle.t, 
you have ah unbalanced force condition. This unbalance(I 
force causes the balloon to move, pulling the force-measurer 
blade in that direction. 





No force 
measured 



Figure 2-1 

* 




A force Is 
measured 



Figure 2-2 



Figure 2*3 



No force measured 



As the ^ir continues to rush oyt, \hc pressure (forces) 
inside the balloon gets smaller. Eventually, it drops to ze^o. 
With no force inside the balloon, the walls collapse and 
movement s|ops. The blade then returns to zero. 

How does this idea of pressure on the inside and unbal- 
anced force apply to your water rocket? 
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□2-5. Suppose the rocket has been loaded, has been 
pumped with air, and is ready for launch. Arc the inside 
forces in balance? 

□2-<r \vhen the trigger release slide is pulled, the water 
rocket rises into the air. What unbalanced force acting on 
the water rocket causes it to move? 

□2-7. What could you do to increase this unbalanced force? 

If you had trouble with the last two or three questions, 
think back to Problem Break l-J. You tried t ^PAP^^^^^I 
effect a change in the amount of water or a change in pres- 
sure (number of pump strokes) had on the rocket's perform- 
ance. You found that both variables affected how high the 
rocket rose. 

□2-8. Suppose you filled the rocket with water but pumped 
in no air, and then pulled the trigger release slide. Would 
the rocket Have risen? 

□2-9^Suppose you added no water to the rocket but 
puYnped 15 ^rokes of air into it, and then pulled the trigger 
release slide^Nl^ould there be any upward unbalanced force 
on the rocket? ^ 

"^K . ■ ' ■'■{■■ ' 

Check your answers to questions 2-8 ^nd 2-9 by doing 
Problem Break 2-1. i 

PROBLEM BREAK 2-1 

Find out how high the, water rocket will go when filled 
with, water but not pumped, Then find out how high it goes 
when pumped with air. but carrying no water. Record the 
results of your investigation in your Record Book. : 

^ In the case of your water rocket, it/isn*t hard to §ec ,how 
air pressure can change the unbalanced lift force. Think back 
to the balloon activity. If you put more gas (air) into the 
balloon^ there would be, more gas to conie out, giving you 
an unbalanced force for a longer time. IiVsaddition,^thc gas 
in the balloon would have greater pressure and thus would 
cause a greater unbalanced force to push the balloon, for- 
ward. Figure 2-4 illustrates this. 



Figure 2-4 



Lees pressure 
Smaller force 
Shorter time 




But why does the water have such an important efl'ect on 
the unbalanced lift force? The rocket just won't go far at 
all without the water. The elfect of air pressure and water 
on lift force must be closely related. To observe this rela- 
tionship in the water rocket is very difficult. Things just 
happen too fast, Yo\i need a simpler system, which can be 
controlled. Such a system is the rocket test stand. To prepare 
one, you should work with two partners again. Your team 
will need the following equipment: 

1 water-flow kit 
1 plastic jet tube 

1 thin plas^c ruler, with holes near each end 
1 screw clamp 

1 force measurer, with blank card 
1 baby-food jar or cup 
{ graduated 100-ml beaker 
1 washer 
Masking tape 



More pressure 
Greater force 
Longer time 
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ACTIVITY 2-4. Slid* tH« larg* ^nti of th* plastic \t\ tukMi about 
1 cm Into tha open and of tha rubt>ar tubing. 

Plastic |«t tube 




Rubber tubing 



ACTIVITY 2-5. Ramova tfta staal blada from tha foirc* maaa- 
urar. Put a washar and than tha plastic rular on tha bolt 
Raplaca tha wing nut. Insart tha Jat tuba In tha hola at tha 
othar and, with tha {at pointino downward. . _ 



Rubt>er tubing 




\ ■ ■ ■ 

ACTIVITY 2-6. Loop tha rubba/ tuMng over tha top of tha 

forca maasurar, and fastan It to tha back with tapa. Ba aura 

that tha loop is larga anough to claar tha forca-maaaurar 

blada, thus allowing it to mova fraaly. Siida a acraw clamp 

onto tha rubbar tubing and tightan tha scraw, ctoaing tha 

tuba.. 
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You are ready for the final step in setting Up (he rocket 
test stand It will be necessary to have the water-source 
bucket about 2 meters above the jet outlet. Your teacher can 
help you with the Setup for your particular chissroom, Figure 
2-5 ihows the coiriipjete setua^rx 

The force measurer should rest on top of the catch bucket. 
Be sure that the^plastic tubing is attached securely to the 
drain on the supply bucket. Be sure, also, that the screw 
clamp pinches the "rubber tubing, closing it. Then fill the 
supply bucket with water. 

/ 

Figure 2-5 



Sholf 



Plastic lubing 
from supply bucket 



Rubber tubing 



Caution Check your mbing to see that there are no leaks. 



ACTIVITY 2-7. With everything in position, open the screw 
clamp slowly to allow a small stream of water to flow from 
the Jet. If necessary, adjust the loop in the rubber tubing and 
the tape on the back of the force measurer so that the blade 
moves freely in a position about like that shown. Be sure the 
bimd% does not rest on the bottom support. Allow the water 
to run until all air bubbles are out of the tubing. Then close 
the screw clamp again. 
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□2-10. As you opened the screw clamp, what happened to 
the plastic force-measurer blade? 

As you opened the screw clamp, you should have noticed 
an eftect on the blade. It moved up. Some force lifted the 
blade to a higher position. You can try Activity 2-7 again 
if you wish. When water flows through the jet, a lift force 
is^roduced. This is like ^he lift force that occurs when water 
shoots out of your rock^et. Your rocket test stand is an appa* 
ratus you can use to /Pleasure that lift force. All it needs is 
a scale. 

□2-11. /V(^'t your newton scale work for the rocket 
test stand? / 




ACTtVJTY 2-8. Slid* a blank card into tha forca maafurar. 
aura tha watar*aourc^f buckat la flUad. 

Opan tha clamp alofwiy until you hava ttia'full flow of watar. 
Cloaa it again alowty. Do thia aava:rai timaa until you can mark 
tha no forca, or zaro, point and tha maximum forca point with 
a pancll. Than obaarva for a momant tha way tha>watar comaa 
out with tha clamp partly opan. 



f . P 2-1 2/ As you opened the screw clamp/how was the speed 

of the water coming out the jet affected? 

P opened the screw clamp, how was the 

18 CHAPTER 2 ?miount of water coming out the jet affected? - 



It is difficult to measure the speed of the flowing water 
directly. But there is a simple way to estimate the speed by 
measuring something else. You can judge how fast the water 
is escaping by measuring the volume of water collected in 
a given time interval. All you have to dais collect the water 
as it escapes from the jet 

Use your equipment to get answers to the next three c|ues- 
tions. 



□2-14. How much water is released in 10 seconds when the 
screw clamp is closed? 

□2-15..4^1ow much water is released in 10 seconds when the 
scifew clamp is half open? ^ 

□2^:^6. How much water is released in 10 seconds when 
the screw clamp is all the way open? 

□2-17. Suppose the amount of water flowing from the jet 
in 10 seconds' is doubled. What would you estimate to be 
the increase in fl(^w speed? 

You are now ready to ft rid out how speed of flow a fleets 
the lift force on the rocket. ^ 
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ACTIVITY 2-9. Remove the card from the force measurer. You 
should havpB already marked the zero point and the maximum 
point onMhe card, bivide the space between the two marks 
Into 10 equal parts. Use any method that you can devise. But 
be sure that the parts are equal. Number each mark as shown. 

^ . 

With your apparatus, various position's of the screw clamp 
will change the amount and the speed of the water flowing 
from the jet. This changes the lift force. To see how the force 
varies with speed of flow, do Problem Break 2-2. 

32 
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PROBLEM BREAK 2-2 

With your two partners, determine the volume of water 
that must come out of the jet in 10 seconds to maintain each 
of the forces^ marked on your for<ie scale I through 10. A 
suggested procedure follows. 

1. One person should act as timer,\inother as the catcher' 
of the water, and the third as the operator of the screw 
clamp. y ' . ^ 

2. Open the c\&mp until the desired force is indicated on 
the scale. Water shoufd flow out the jet and into the 
catch bucket. Timing should then begin. 

3. When the timer says "Start!" shove the jar or cup under 
the jet. Catch the, water for 10 seconds. At the signal 
from the. timer, simply remove the cup. Then the oper- 
ator can close the clamp. 

4. Be sure to pour the water back into the supply bucket 
whenever it gets low. Dbn't move the supplylH»g)tct- 

5. Keep accurate data in the space provided in your 
Record Book. \ \ 

6. Using a container y/ith a ml scale,\ measure the amount 
1^ water caught in the jar. 

7. At least two readings should be taken at each setting, 
and an average found for the table, 

□2-18. In Figure 2-6 in ^^our Record BopR, sketch a graph 
of the data you have collected. 




Ftgurv 2-6 
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Volume (a relative mtatura of 
flowtpMHd) 



□2-10. When flow speed increases, how is lift force affected? 



) 



You have answered the basic question asked in this chap- 
ter: How do pumped air and water affect the lift force on 
the water rocket? The steady flow of water out qf the rocket 
provides a lifting force. The faster the tlow, the greater the 
force. Increasing the air pumped (pressure) increases the 
pressure force. This in turn increases water-flow rate. Thus, 
ai> increase in lift force occurs. 

^ Before you Icaye tMe chapter, there is one other effect you 
should investigate. Rroblem Break 2-3 deals Vith an impor- 
tant error that some people make 'when they think about 
rockets, 

PROBLEM BRjgAK 2^^ 

Soipe people think the push of the escaping gases on the 
air outside is what moves a rocket along. This idea suggests 
that the more air behind the rocket, the more force (thrust) 
it will have. See for yourself whether this is the case. 



> ■ ' ■ • 

ACTIVITY 2-10. Op«n the clamp ail Itia way and nota the forca 
on tha blada. With tha Jat running, raiaa tha full Jar of watar 
undar tha Jat ao that tha diacharga la undar thf aurfaca of 
tha watar. Nota tha forca undar thia condition. Do thia aavaral 
Umaa until you ara aura that you aaa what happana. Ba aura 
that tha blada and tip ara not touching tha jar. 

□2-20. What force did you measure with the jet discharging 
underwater? . 

□2-21. How did this force compare with the force measured 
with the jet out of the water? 

.□2-22. How would you explain the difference in force if 
there was any? 

□2-23. Do the results 6f this activity agfcc with the ideas 
of those people mentioned? . . 

■ ■ ■ ■ ■ ■^ ■ ■ • 

^ B«fort oolng on, do 8olf;*Evaluatlon 2 In your Racord Book* 




How Much Is Needed? 
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Bv now you have some idea of what gives the force, or thrust 
Zi pi a rocket into space. To gel y''"'-_,;»«"^™$« 
launched, you put water inside it. The pump added a.r under 
n^^rc JhJolum^ of the w«fer and the speed w,th wh.ch 
it was forced out gave th<Mi;rust you needed to gel your 

'^tmhow much force is necessary to get the rocket to rise? 
Let's see if you can find out the answer by niakmg a few 
melremenu. Select two partners and get the followmg 
equipment for your team: 

1 force measurer, with thin and thick blades 

2 cards with premarked scales (0-1 N and 0-10 N) 
1 dry water rocket 
I funnel 
I pail of water 
4 paper-clip hooks 

1 loTml beaker of other container that can be used to 
. ♦ measure water in ml 



ACTIVITY 3-1. the thin blade for now. Open the 4 paper 
cllpt and link lham Ipgalhar as .hewn. Zaro the force meai. 

wtth only the cilpa In placa. Bend the large end of the 
baJ<m» clip at ahown. and fit It over the flange of the rocket 
SSport the impty rocket ih an upalde-down hanging po.L 
tto^d you remember to uae your 0-1 newton acale? 




□3-1. What is the force-ineasurer reading irt newtons? 



You have measured the force of gravity on the mass of 
the^empty rocket. This measure is the rocket's empty weight. 
Yof know that the rocket must have' water in it for best 
performance. You can think of the water as the rocket fuel. 
Refer back to ProbleiYi Break 1-1 in Chapter 1 to fin4.thc 
number of ml of water used to push the rocket to its greatest 
height. 

□3-2. How many ml of water did you use to^send the rocket 
to its greatest height? 

The water added to the rocket has mass. Air Was also 
added to make the rocket go. It, too, has mass, but its mass 
is srtiall compared with the mass of the water. Therefore the 
increase in tlie rocket's mass is due primarily to the added 
water. You can find out how much mass was added by using 
your force measurer. 




ACTIVITY 3-2. Using Ihe funnel and caHbrated conl«ln«r, add 

to your rocket the numbar of ml of water givan In your antww- 

question 3-2. Weigh the fueled rocka^ again at you dM In 

Activity 3-1 . You may have to use the yrok blade and the 0-10 
newton scale. 

□3^- What is the weight in newtons of the fueled rocket? 

« This total weight is the force of gravity acting on the rocket' 

and its contents. It is the force that must be overcome before 
; W CHAPTER 3 the rocket wiU rise. 



□ 3-4. If the rocket is to rise, and not just hang in space, 
what must happen? 





ACTIVITY 3-3. Once more, hold the force measurer so that 
the rocket hangs free. Rapidly, but steadily, raise the force 
measurer > While one partner watches the scale. The scale 
observer should watch for the greatest force that occurs while 
the rocket la; being lifted. This will probably be during the first 
secon^f lift. Repeat the process several times to get an 
average. 




□S^5. What ,;, was the average maximum force-measurer 
reading on rapid lift? - 

□3-6. Ho.w does the rapid-lift force compare with the force 
of gravity on the fueled rocket? (Look back at your answer ■ 
to question 3-3.) ^ 

Thc^ additional force needed to give the rocket motion 
shouldn't have surprised you. An unbalanced force must be 
exerted on an object at rest to get it moving. 

□ 3-7. Suppose an upward force that is equal to the weight 
of the rocket and its contents is applied. Would the rocket 
move upward? Explain your answer. 

r 

Recall when you lifted your water rocket with the force 
measurer; probably noticed that the amount of an un- 
balanced force measured depended on how fast you lifted. 
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To say it another way, the greater the unbalanced lift force, 
the faster the lift speed. Thuis, the farther the rocket will have 
gone since lift-off. Figure 3-1 illifttrates this. 




Time since 
liftoff 



Z 



Small 

unbalanced 
lift force 




Large 

unbalanced 
lift force 




lift force lUrfcil* 



Launch pad 



F1gur«3-1 , 

Another important t|iinjg is happening to your water rocket 
as it lifts off from the launch pad. It is related to the mass 
of the rocket and its contents. 

□3-8. Does the total mass of the rocket plus it^ contents 
remain constant throughout its flight? Explain your answer. 

You should investigate the effect this change in mass of 
the rocket has on its performance. To do/So, you need to 
work with 3 or 4 other classthates who are at this point in 
the text. Your teaA will need the following materials: 

.1 cart, with water clock 

1 jar for water . ^ \ 

1 meterstick V 

Look for a flat, fairly smooth surface at Itast 2 meters long. 
If this^ amount of spate is available on a table, use it. OthBi)^ 
wise, you will need to do the activity on the floor. 

First, you ne^d to use the water-clock cart to sec what can 
be measured with it ' 

■■■■■■ 39 . . 



ACTIVITY 3-4. Place the water clock In position on the cart 
and fill It completely with water. Place the front of the cart 
on a iln« you have marked on the table or floor. Then push 
down gently with your palm to start the water drippihg: 




ACTIVITY 3-5. Now give the cart a gentle push*^ until its back 
wheels reach the line. Then stop pushing and let It coast. 
LoOk at the pattern of drops It leaves behind. Don't disturb^ 
the pattern. 

starting line 




□3-9. Did tlje spee4.0f' your cart in Activity 3-5 increase, 
decrease, or stay the'same aftet you stopped pushing? 

You may need help with quesfion 3-9. Each drop, falling 
from the cart takes the same amount of time to form and ■. 
rekch the surface. Thus, the distance between drops on the 
surface can tell you whether the cart's speed was unchangmg, 
increasing, or decreasing. It can also tell you the amount, of 
change between each tithe interval. 

In Figure 3-2, three water-drop tracks are shown. 

□a-lb. Which track in Figure 3-2 indicates no ctiange ih 
cart speed? Which track indicates an ificrease in s^ed? 
Which track indicates a decrease in speed? 



starting line 
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Measure these distances, ——i 




Starting line 



Direction of motion 
AO C O 



BOO O 

Dfrectlon. of motion ■ 
CO O O 



O O OO 



ACTIVITY 3-6. Meatiire the distance between each fMlr of 
drops from Activity 3-5. Start with the d^p riea|;est to the point 
where you stopped pushing the cart. Molte you| .moasuro- 
ments to the center of the drops. List the distarices In Tablo 

3-1 of your Record Book. 



Table 3-1 
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" Interval 


Distance 
Traveled 

(in cm) 




i 


2nd 




3rd 




4th 




5th 

j> — 




eth 




7th 




■ . ■ I . . ■ 



•i.>> • ■ » 




I 



! I 



The shorter distances indicate that the cart slowed down 
after you' stopped pushing it. That's no .surprise, of course. 
What* good is all this then? 

Your water-clock cart can be used to identity changes in , 
speed. All you have to do^ is look (br changes in the distance 
between drops. 

. , . ^. ■ ■: 

□3^11. What must have happened to the speed of the cart 
if (a) the distaticc bctwcctLdrQps. increases2ib) jhe d^^^^^ 
between drops decrease.s? (c) the distance between drops 
stays the same? " 

Now you can find out how speed, mass, and force are 
related. To do this, y^ur team will continue working with 
the cart. You will also need: 

1 force measurer, with thin blade and 0-1 newton scale 

4 paper-clip hooks 

1 piece of string, 2 meters long 

3 half-kilogram masses 

Tape 

The questions you waht to investigate are these: When a 
constant ujibalanced force is applied to an object, how will 
the Object's speed change? and What effect will result if the 
object also loses some of its mass? 

YoO can use the force measurer to apply a constant force 
on the cart. And yoiLcan vary the mass of the cart by loading 
it with half-kilograhi masses and then removing them one 
at a time. The cart would then be like the rocket that moves 
upward under a constant force while its mass gets less and 
■ less as its fuel is used Ap. Try the cart experiment and /see 
wha# happens. 

. Tape, 




2 meters 
of string 



0-1 newton 
scale 



Tape 



ACTIVITY 3-7. Fasten the 2-meter piece of string to the force 
maasurer with tape as shown. Then lay the force measurer 
on Hs back. Zero the force measurer while it is In this posiHon. 
Hava the thin blade in place and use the 0-1 newton scale. 



i2 
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□3-12. Witli a constant force applied, did the cart gain 
speed, lose speed, or travel at a constant speed? 

Using the same method you used in Activity 3-6, measure 
the distance between drops with a ruler or meterstick. You 
should measure that section of the run where you maintained 
the force at 0,2 newton. You probably noticed that the force 
measurer tends to jump to a higher measurement as you start 
-the pull and then bounces back as you jelease your pulling 
force. It will take practice to get this constant force over a 
2-meter run. Wherever you start measuring, you should 
measure each distance in order from that point on. List the 
distances in Table 3-2 in your Record Book under "Total 
mass: 2.0 kg/' (Remeniber, you used 3 half-kilogram masses 
on the cart. The cart itself has a mass of one-half kilogram.) 




Table 3-2 



Distance (in cm) 



■^Timc 
interval 


Total mass: 
2.0 kg- 


Total mass: 
1.5 kg 


Total mass: 
1.0 kg 


Total mass: 
0,5 kg 


1st 










2nd 










3rd 










4th 










5ch 










6(h 






- — ^ — ■ ■ 
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ACTIVITY 3-10. Remove one mass from the cart and repeat 
the pulling activity. Be sure the water clock is op^tlng and 
the force is kept constant at 0.2 newton. Record the distampe 
measurements in Table 3-2 under "Total- piass: 1.5 kg/' Tran 
repeat the activity with one mass on the cart, and again wHh 
no mass on the cart. Record the mea^rements In Table 3*2. 
During each run, keep the force as close, as you can to 
newton. 



0.2 
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□3-13. Did the speed of the cart increase during each run? 

□3-14. With which to^^l mass did the speed of the cart 
change the fastest? 

□3-15. With which total mass was ^here the least change 
in speed? 

Perhaps you can see from this activity that a constant 

unbali^ced fo^ce on a body will cause its speed of nriotion 

to increase. A greater increase m\\ occur if the mass of the 

body also decreases. -At this point you ought to take stock 

of what you hav? found out and see how it applies to the 

rocket launch. The following list may help you. ^ 

* ■ ' ' 

K Some Combination of water and air pressure gives the 

bestsrocket performance. 

2. The speed of water flow out of the rocket produces a 
•forward force> or thxust, on the rocket. 

3. This unbalanced force in the rocket chamber pushes 
the 'i^ket forward. 

4. The amount of force needed to get the rocket ofT the 
ground is any amount that is greater Jthan-^ the weight 
of the loaded rocket. 

5. With a constant unbalanced force> the speed of the 
rocket continues to^ increase. 

6. cThc greater the unbalanced force, thcs faster the speed 
increases. ' ^ " 

7. The loss of mass from th? rocket causes its speed to 
^ increase evcn^ faster. 



If you W(?rc ^ careful observer, you may have found out 
another thing. When you fired the water rocket, the water 
was forced out rapidly. In a very short time, there is no more 
water to apply an upward force. The rocket then slows to 
a stop at its maximum height and returns to the ground. 

Apparently the length of time that a force is applied has 
an effect on the speed that a rocket attains. You could add 
that point to the list. 

8. The longer an unbalanced force is applied, the more 
the rocket will spded up. 



□3-16. If you could continue to apply an unbalanced up- 
ward force on the rocket for a longer time, what would 
happen to it? 

□3-17. When the pocket starts to fall back to the earth, what 
force IS then unbalanced? 

You used water and air as the fuel to make your rocket 
leave the ground. The Saturn rocket uses a kerosinelik6 fuel 
mixed with oxygen. This mixture is burned in the combus- 
tion chamber, producing the hot gas that exerts pressure and 
pushes the rocket on its journey. This hot gas rushes out the 
nozzle of the engine in much the same way that the ftis (air) 
shot out of the balloon in the activity you did earlier. But 
because there iV^ much fuel being burned, it continues to 
rush but fdr a much^longer time than does the gas Trom the 
balloon or the water from your water rocket. 

Perhaps you would like to know more about the way fuel 
and oxygen react in a real rocket. Or you may want to know 
how the hot gases that are produced push the rocket. If so, 
do Excursion 3-1, The Big Push," 

In addition to those variables' you have studied, there are 
other factors that affect the speed of a rocket at higher alti- 
tudes. You will \york with these in the next chapter 

After all the fuel is gone, there is good reason for ejecting 
the first stage on a rocket. To examine the effect of discarding 
the first stage and to see why rockets are built in stages, do 
Excursion 3-2, ''One Stage at a Time/' 

Before going on, do Self Evaluation 3 in your Record Book. 
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Vrial No. ^ 


Torcc 
(in ncwtons) 


Disiancc 
(in meters) 


1 


2 


-< 




4 




3 


6 




4 


.8 




5 


10 





Table 4-1 
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ACTIVITY 4-3. Apply forces of 4-N, 6-N, 8-N, and 10-N to the 
steel ball. Measure the distances and enter the measurements 
In Table 4-1. Remember to keep the forcermea^urer's blade 
tip over the spot you marked ori the floor. ' 

While the ball is supported in the holder, the holder 
pushes upward On the ball as strongly as gravity pulls down- 
ward. Figure 4-2A shows this. As soon as the ball leaves the 
holder, as in 4-2B, the /orce of gravity is unopposed, and 
the ball falls. _ 




1 \2 \ 3 ^ - 4 ^v. 




Figure 4-2 



^7 



\ 
\ 

I 
\ 
\ 
\ 

I 

\ 

-A. 



50 





□4-1. Did the hoKzonta! distance the ball traveled before 
hitting the floor seem to depend on the amount of force 
applied? 

□4-2. What do you thipk would happen to the ball if you 
applied more and mofe horizontal force? 

The horizontal distance the ball travels through the air 
depends on how much force you apply, and you may also 
suspect that the horizontal distance traveled depends on how 
long the bSll is falling. / 

0*-3. How does the length of time it takes tt(e ball to reach 
the floor along trial path 1 compare with the length of time 
along trial paths 2, 3, 4, and 5? ; 

It is difficult to be sure about your ari^wer, isn't it? But 
there is a way you can check. Get another steel ball from 
the supply table. 



ACTIVITY 4-4. Remove the blade from the foTce measurer, 
and refasten H to that It polntt In the opposite direction. 





steel ball in each- 
end of holder 
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ACTIVITY 4-5. Put a ball In each end of the holder. Have one 
partner hold the force measurer firmly, on; the table. Pull the 
blade back a small amount and rslease. 1/sfen canfully for 
th0 sound of f/»» baUt filtUng tha floor. 



i 



I 

□4-4. Did the balls strike the floor atj^t»^"^ ^^^^ ^^^'^^^ ^''^^^ • 



ACTIVITY 4-«r-Try pulling the blade back different amounts. 
But don't pull it back more than about 3 cm from the zero 
position. 




3 cm 

maximum 



You probably noticed that one ball fell almost straight 
down to the floor, but the other went out and then down, 
following a longer path before it hit, 

□4-5. Did the distance that the one ball was projected make 
any dinerence in the time it took to reach the floor? 

□4-6- What does this activity suggest about the time it takes 
for the ball to reach the floor along the various paths in 
Activity 4-3? 

□4-7. So far as you can tell, does the time to reach the floor 
depend on how fast the ball is moving horizontally? 

□4-8. Does t^ie time of flight seem to depend on the'^hori- 

zontal distance that the ball moves? 

! 

□4-9. What two motions does the ball have after the force 
is applied? 

From this activity, i,t appears that^ the f6rce of gravity 
always acts to move the ball downward. This downward 
motion is independent of (not afiected by) the horizontal 
motion of the ball. In other words, the force applied to 
project the ball horizontally has no effect on the force of 
gravity. That's why it takes the ball the same length of time 
to fall to the floor, whether it falls straight down or along 
a curved path. As long as the ball falls from the same height, 
the time of fall will be the same. (See Figure 4-3,) 
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Figure 4-3 
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tnow that the surface of the cKeaii is not really flat. It curves 
downward with the curve of the earth. Suppose you could' 
propel the ball fast enough so that its curving path was 
exactly the same as the curve of the earth's surface (Figure 

4-4), ^ _ 

^ ^ Launching point 




Figure 4-4 



□4-11. What would happen to the ball? 



Near the earth an object will fall about 4.9 m in one 
second. If you set your Imaginary launching platform at a 
height of 4,9 m above the surface and if the earth were flat, 
your ball would hit the earth in one secpnd no matter how 
far you threw it. But the earth is curved — it curves downward/^ 
about 4.9 m for every 8 km of distance around the surface. 
Thus, an object traveling at a speed of 8 knl per second 
woiild always remain at the same height, above the surface 
as your launching platform (see Figure 4-5). 



Launch platform 4.9 m 
above surface 




The thought experiment should have given you the orbit* ^ 
ing speed for a body just aboVe the surface of the earth. Enter 
this figure on the first line of Table 4-2 in your Record Book. 

□4-12. Would the orbiting speed be the same, faster, or 
slower at a height 10,000 km above the earth? 

If you had trouble with this question, you will discover 
the answer as you complete Table 4-2. 



Tabte4-2 



t 

■r 



Height of Satellite 
Above Surface 


rractioti oi dpeed 
at Surface of 
Earth 


Orbiting Speed of 
Satellite (in m/scc) 




i 00 

.... 






0.99 




1,000 


0,92 




2,000 


0.86 




3,000 


0.82 




4,000 


0-78 




5,000 


0.74' 


' ■ .'^ ' 


. - 6,000 ; ' 


071 ... 




7,000 4 . 


0.68 




\ 8,000 


0.66 




9,000 


— : M^'''^*: — ■■ : — 

0.64 


>• 


' 10,000. 


0.63 




380,006 


0.13 
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I *Con»der thb the tame u 4.9 m above the surface. 
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As you move larthcr out from (he earth, the force of grav- 
ity decreases Thus, a body will not fall as far in otie second. 
At the lowest satellite orbit height, 160 km, gravity will be 
0,99 of the surface value. At that height^ an object will fall 
0.99 of 4,^meters in one second. This is slightly less than 
4,9 meters in cnie second. Wifh this smaller amount^of fall 
toward the earthj^the orbiting speed will have to be 0.99 of 
"the surface orbiting speed to stay the same distance from 
the surface of the earth. Find this amount and enter it on 
the second line of Table 4-2 in your Record Book- 
Figure the fraction of the surface orbiting speed for each 
height. Complete ^the table by filling in these speeds. 

The moon is a natural satellite of the earth At a distance 
from (he earth of 60 earth radii (380,000 km), the gravity 
pull of the earth is much less than at the surface. The orbiting 
speed of the moon is only about 0.13 of the speed of 
satellitc^rlose ^o the earth's surface/ The last line that you 
filled in in Table 4-2 is the orbiting speed of thfe moon. 



Even. 300 years ago, Newton fealized tha| an object could 
not be orbited at the surface of the earth. The air drag would 
slow it toojmuch. But at an altitude of 160 km, the friction 
of the a^r is .very small. This distance is the parking orbit 
that is used for satellites.. 



Now let's sum up your knowledge about the motion of 
an object above the earth's surface. 

F The time that it takes an object to fall to the earth is 
not dependent ^on the body's horizontal speed or its 
mass. The time of fall does depend on the force of 
gravity (Figure 4-6).'^Near the surface of the earth, the 
- force of gravity causes a boAy^ to fall 4.9 m in one 
second. ^ / ^ . 

Large mass Small mass 



Tirfie to fall 
is^ the same. 

.\,^ ■ ' 



jIl Figure 4-6 
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2. The atmosphere near the surface of the earth exerts a 
force on a moving object. The air particles rub against 
the object and slow it. The friction of the particles 
against the object produces^ heat. As the moving object 
gains altitude, the atmosphere becomes thinner; fewer 
particles are there. Thus the frictional force is less, and 
there is less drag on the object (Figure 4-7). For the 
Saturn-Apollo rockets, air drag is enough to cut down 
the speed of the rocket at first-stage engine shut-down 
by about 460 ni/sec from what it would be if there were 
no air drag at all. However, the rocket continues to 

climb rapidly upward because of its mighty thrust. 

3. The force of gravity, which you investigated in Chapter 
3, makes it hard for the rocket to get away from the 
earth. This force is an extremely important one 
throughout space, as the effect is felt not only from the 
earth but from the moon and other heavenly bodies as 
well. Near the surface of the earth, gravity exerts a large 
force on a body. As the body goes away from the earth^s 

. surface, the force of gravity decreases (Figure 4-8). For 
example, at a point 6,500 km above the earth^s sur- 
face (about twice| the distance from the center of the 
earth to the surface), gravity force is only ] what it is 
at the earth's surface. 



Force of gravity 



Figure 4^ 
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If you would like to find out more about gravity and its 
effepi on^^bjects, try Excursion 4-2, "The Falling Apple." 
y'Tht for^^ of gravity on an object is called the object's 
.weight. The data in Table 4-3 illustrates how the weight of 
an object changes ais it gets iarther from the earth's surface. 



\ 




\ 



□4-13. Using (he data in \\\c table and the grid in Fjgnie 
4-9 in your Record Book, draw a graph of the change in 
weight with increased distance tVoin the earth's surface. 



Table 4-3 



Distance from 
Earth's Surface 
(in km) 


Weigh I of Object 
hxertuig 100 N 
at Surface 


0 


100 


100 


97 


200 


94 


500 


86 


1,000 


■ , 75 


1,500 


66 


2,500 


52 


3.500 


42 


4.500 


34 


5,500 


29 


6,500 


25 


7,500 


21 


8,500 


18 




Use your graph to answer the next two questions. 

□4-14. At what distance from the earth's surface is the 
weight ^ (50 N) of what it is at the surface? 

□4-15. At what distance is the weight ^ .(25 N) of what it 
is at the surface? 
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Notice (hat question 4-15 could'^be answered jn two ways. 
It does not state "from what" the distance is to be measured. 
If you did Excursion 4-2, you know that the force of gravity 
acts as if all the mass were concentiated at the center of each 
body. To really compare the forces of gravity, you should 
add the distance to the center of the earth (the earth's radius) 
to your distance from the surface The distance to the center 
of the earth is 6,371 km (higure 4-10). Add this to the dis- 
tance ifi question ^}-l5. 

□4-16. At^hat distance from the center of the earth is the 
weight 25 N {\ of what it is at the surface)? 

The force of ihc earth's gravity gets smaller and smaller 
as a rocket speeds away from its surfaCe. However, this force, 
even ^though small, continues to exist. 

If there is no place where the earth's gravity is zero, it 
seems reasonable to conclude that a rocket shot straight up 
will eventually fall straight back to the earth. How, then( can 
it be put in orbit around the earth? As you have found, it 
is necessary to give it a horizontal shove to get it imo orbit. 




Figure 4-10 



It's no fun just to get in a car and drive around the neigh- 
borhood. You like to go somewhere, to take trips, to see 
things. The same is true in. space travel. The first'sp^ice flights 
were concerned with the problem of "gJ^i'^g away from the 
earth and getting into orbit. Once. this was mastered, there 
was the desire to no places. 



TO THE MOON 




Let's start with a rockj^^t on the pad and follow it all the 
way on a journey into deep space. This will help sum up 
all the ideas that have been developed in this unit 



□4-17. For the rocket to lift off the pad, how must the thrust 
force compare with the weight force of the loaded rocket? 
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□4-ia. How will the amount of thrust produced by the 
engincs'at ground level conipa.e with the thrust at higher 
altitudes? 

□4-19. As the rocket rises faster and faster, what force op- 
posing its motion will increase lo a maximum and then de- 
crease? ^ 

□4-20. \v)iat other force opposes the rocket, motion and 
decreases as the rocket gets farther from the earth? 

'You m^ently found thftt an object just above the surface 
of the earth would have to traveJ 8 km per second in order 
to stay the same distance from the earth. - 

■*v ^ . ■ . 

□ 4-21. How many mild; per hour^i^S km per second? 

Just above the surface of the earth, the force of gravity 
is large and the atmosphere is thick. Both of these factors 
act against the rocket. 

The pull of gravity and the thickness of the earth's atmos- 
phere decrease as you go* away from the earth's surface. 
With- 1^!}S gravity, spacecraft far above the earth don't need 
tonfave! as fast as those at lower altitudes to stay in orbit. 

t^i^. The time needed for a satellite to go once around 
in Ml^§^bi^is the /;er;Wof th^ satellite.. What is the earth's 
period as aSpfteUite of the sun? J 



□4-23. Ho\y many.siJconds would it take for the object trav- 
eling at 8 km per second to make one trip around the earth? 
(The circumference of the earth is about 40,000 km.) 

□4-24. What effect would a higher orbit have on the period 
of a spacecraft? 



Once around = period 
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Not only docs the speed of a body decrease as il orbits 
farther from the earth, but the body also has farther to travel. 
So the peri&chgets greater (it takes longer to go around) 
because of a slower speed and a greater distance. A spaceship 
orbiting at an altitude of 161 km has a period of just under 
90 minutes, and it travels at almost 8,000 meters per second. 
The moon, a natural satellite of the earth, has a period pf 
27|days, At its distance— 380,000 km— it takes the moon 27^ 
days to orbit the earth. And because of decreased gravity, 
the moon's speed is only about one eighth the speed of the 
spaceship that closely orbits the earth. ^ 

If you would like to take a further look at satellite orbits, 
do Excursion 4-3, "Orbiting Syncom." 




SYNCOM 



Let's get back to our rocket ship. Putting a satellite into 
orbit involves five steps. FigurQ_4-ll illustrates these steps. ' Figure 4-11 




Less than 
orbital speed 




Figure 4-12 



Exactly at 
orbital speed ' 




FiQura 4-13 
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1. The rocket rises vertically from the pad. 

2. After rising some distance vertically^ it is tilted. 

3. It climbs on a curving path to orbit height 

4. As the rocket reachl^ the necessary speed for orbiting, 
the engines shut down. 

5. It then moves along the circular orbit path. (The orbit 
will be circular only if the rocket has exactly the right 
speed, n it is less than the correct amount, the satellite 
will come back closer to the earth. There it will encoun- 
ter denser atmosphere, which will slow it even more 
and eventually cause it to return to the earth or bum 

- up.) TV _ 



It is now time for the rocket to head out into space. How 
can this be done? The key is more speed. A sFightly greater 
spc|ed gives an elliptical orbit, but if the speed is increased 
enough, the rocket will escape into space. The following 
figures and explanations will help to make this clear. 

At speeds less than about 8 km/sec (28,800 km/hr), the 
object will reenter the earth's atmosphere and return to the 
surface (Figure 4-12). - 

If the speed is exactly correct for the altitude of the object, 
a circular orbit will be the result. At an altitude of 161 km, 
this speed is just under 8 km/sec (Figure 4-13), 

At speeds from 8 km/sec to 1 1 km/sec (28^800 km/hr 
to 40,000 km/hr), the orbit will be elliptical. The greatest 
speed will be eldest to the earth (perigee). The slowest speed 
will be farthest from the earth (apogee). (See Figure 4-14.) 



Figur# 4-14 




ApoQee 
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If a speed of greater than II kin/sec (40,000 kn\/hr) is 
reached, the object will escape the, gravitational pull of the 
earth. It will head for outer space (Figure 4-15). I his neces- 
sary speed is given to the Apollo spacecraft by a "burn'' of 
just under 6 minutes of the third-stage booster This addi- 
tional force increases the speed just over 3 km/sec. 



If the spacecraft leaves its parking orbit around the earth 
at just the right time, it will head for the moon. It will be 
on a **free-return path." This means that with only slight 
corrections, it will swing around the moon and head back 
to the earth. Figure 4-16 diagrams this path^ which looks like 
a huge figure 8. 




Figure 4-1 5 




To outer space 




No rocket power is needed on this free-return path to and 
from the moon. The spacecraft would continue this figure-8 
path indefinitely, swinging first around the moon and then 
around the earth. 

Here are the steps needed to get the free-return path to 
and from the earth to the moon (Figure 4-16). 

1. Lift-off and insertion in parking orbit 

2. Parking orbit around the earth 

. 3. Insertion in free-return path to the moon 

4. Free-return path to the moon 

5. Capture by the- moon's gravity and half-orbit around 
the moon 



MOON 



1) 



Figure 4-16 
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6. Leave the moon's gravity and head back to the earth 

on free-return path 
1. Capture by the carth\s gravity and half-orbit around the 

earth 

□4-25. If a spacecraft is to stilly in a moon orbit for a while, 
what must be done? 

□4-26. What must be done for a spacecraft to leave a moon 
orbit and get back to 'the earth? 

_I f _ the _ era ft is _ to re tum to tl^^^^ ace of the earth, its 
direction (point 6, Figure 4-16) must be changed a little. 
Instead of entering an earth orbit (point 7, Figure 4-16), the 
craft heads closer to th> earth into the upper atmosphere, 
its speed at the time it enters the atmOvSphere is about 
II km/sec. This high speed must be decreased .to below 
8 km /sec before the craft can come back to the earth's sur- 
face. The atmosphere makes this slowing down possible. 

As the spacecraft begins to hit air particles, it pushes them 
out of the way. 

□4-27. When a force is applied to move somellhing some 
distance, what is done? 

□4-28, When work is done, what else is involved? 

Some of the motion energy of the spacecraft is used to 
move air particles aside. Thus, the craft is slowed down. And, 
of course, as the air particles are pushed out of the way, they 
rub against the spacecraft. This causes friction (drag), slow- 
ing the vehicle still more. 




□4-29. When friction drag is present, what happens to the 
surroundings? \ 



At the enoriuous speed of a spacecraft, a huge amount of n 
heat is produced, so much that the craft and its occupants 
would burn up without some kind of heat shield. You may 
recall that it takes heat to mei( or boil a material. Perhaps 
the heat that would otherwise do damage can be sidetracked 
by using it to melt and boil a coating on the outside of the 
spacecraifl. With such a material as a heat shield, the heat 
energy would be used up as it gradually melted and boiled 
the coating away and the occupants could stiw cool. Such 
a material is now used on the outside of spacecraft, and it 
doesn't harm the vehicle as it burns up. It just gets rid of 
the heat. If you woulJ^like to know more about this process, . 
called ablation, do Excursion 4-4, ^Tosing Heat/' ^ -^X^i^J tt^ L*]k^l 

You have found out some things about rockets and their 
operation. You have also found out about travel in space. 
Who knows? You might be an active member of a space 
team to the moon some day. 

Before going on, do Self Evaluation 4 in your Record Book. 
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Creating Craters 
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Until the time of Galileo, people thought the j^urface of the 
moon was smooth. They believed the pattern of dark areas 
on the moon's surface was like a stain ^or,..tarfiis,h. 




When Galileo looked at the moon through his telescope, 
he decided that the surface was riot smooth. He believe/J the 
shadows and light spots were valleys and mountains similar 
to those on the earth. He thought the large ditrk areas were 




55 



o 



In Galilco\s day, Scientific whiing was done in Latin. The 
Latin namp for sea is nwre (pronounced "mah-ray"). This 
word is still used on many charts of the moon today. Tbc 
Apollo 1 1 astronauts lan<ied on Marc Tr^nquiHitatis (in 
English, the Sea of 1 ranquility). 

Galileo also saw shapes that^ looked like the craters Of 
volcanoes. Some of these had^long, light-colored streaks radi- 
ating from them far out over the surface of the moon. The 
^streaks became known as rays. Some of the craters were 
given names. They were narned for famous men, like Gali- 
leo, Copernicus/ and Kepler. 
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Few peoplp who looked at the moon from the earth could 
see tW things that Galileo d^^^ the difficulties 

with looking at a surface from far away is that it is so hard 
to see features \^s they re^ly are. Everything seems flat. ^ 
There are soijic very tall mopntains on the moon. Some 
are as high as the tallest e^rth mountains. Distance h^Vft greal 
effect on how .hig|[^they appear to be. 

□5-1. If you were to look back at the^rth froju-Tfar out 
in space, would you be able to see^the hei^t of its moun- 
taim? . 



- > ' . 




Figure 5-1 shows an astronaut's view of a moon mountain. 




Figure 5-1 

A great deal- has been learned about the moon since 
Galileo's time. More photq^aphs, plus rocks and soil, have 
been sent back from orbiting satellites and brought back by' 
men who have been there. Of course there are still many 

things to be l<iarned (Figure 5-2). , . ^ 

Figure 5-2 
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Figure S-3 
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Scientists arc particularly interested in finding out how the 
moon's surt'ace became as it is. In (act, they are concerned 
with how the moon came into being and'^tiow its age is 
related to that of the earth. Other questions about the moon 
might include these: 

1. Did the modn start as a hot, melted globe of matter, 
which then cooled down? 

2. Was the moon once a part of tt»c-<^rth— a fragment 
that became separated from it long ago? 

3. Was the moon built slowly out of^pieces of material 
that came together as they moved thrijugh space around 

the eartl^^ and the sun? .\ 

4. Has the moon always been cold and airless? 

5. Were there ever any volcanoes there? ^ 

^ .For the rest of this unit, you will be studying some surface 
features of the moon. Some comparisons will be made with 
earth features. These comparisons and some activities ^nay 
help you explain how the moon's surface got the way it is. 

Begin your study by examining some moon and earth 
photos. Figures 5-3 through 5-6 show craters and mountains 
on the moon. 
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Figure 5-5 



Figure 5-6 



□5-2. What do you think could have caused the craters 
shown in Figures 5-4 and 5-5? 

» 

□5-3. Whilt might have produced the groove that runs 
through the crater in Figure 5-5? 

You probably had reasons for the answers you gave to 
questions 5-2 and 5-3. But it's not easy to decide. It might 
help to be able to examine features on the earth similar to 
the ones shown, if there are any 






There are various kinds of craters on the earth. You know 
what a crater is — it's Hke a bowl-shaped hole In the follow- 
ing photos, you will have the opportunity to examine some 
of these bowl-bottomed holes. As you do, see if you can spot 
the differences in thenv Perhaps this will help you later, 
when you examine similar features on the moon's surface. 
Many cinder cones, with craters in the top, can be found 
on the earth. This one is in Lassen Volcanic National Park. 
Note the related lava flows. Also notice that there i$^a double 
^ cone (Figure 5-7). 




Metallic fragments have been found around the rim. The 
floor pf the crater is about 150 meters below the surrounding 
ground. There are no other features like it in the immediate 




This is Crater Lake, a naiiona! park in Oregon, After 
erupting eendiries ago. the upper luilf of the voleanic moun- 
tain collapsed into the center, forming a huge pit that filled 
with water. Just over the rim can he seen the flat-topped 
cone'^of Wizard Island, a newer volcano that arose from the 
old shell (Figure 5-9), 






' Wolf Meteorite Crater in Australia was discovered in 1947. 
Notice the raised rim. The floor is below the level of the^ 
surrounding terrain (Figure 5rlO). 



Figure 5-9 



Figure 5-10 
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An underground atomic blast was set off at a test site in 
Nevada. The resulting circular hole is about 365 meters in 
diameter. Notice how .material was thrown out. The crater 
walls are quite sloping instead of vertical (Figure 5-!l). 




w 




Figure 5«11 



Figure 5-12 



This active volcano in Alaska has a well-defined prater. 
The cone was built by former eruptions, but only steam and 
gases are sent out now (Figure 5- 12), 
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What you've learned by examining leatures on the earth 
can help you as you observe pictures of craters on il\e moon. 
Perhaps you c^n develop your own model of how these 
craters were formed. I'or instance, the presence of certain 
materials around the rim of the Meteor Crater has caused 
scientists to believe this crater and other on the earth were 
caused by meteor impact. Now you see why it is called 
Meteor Crater. Some of the fragments are metallic. It is 
believed these fragments could only have come from outer 
space. In addition, some materials were finely powdered and 
broken' lip, Us if by a powerful blow. Look again at Figure 
5-8. 



"ITSAYS>R0PERTY OF 
MISS CHICKEN LITTLE../ 



What you need now is an opportunity -to make your ow. 
craters. 

At first glance, moon craters most nearly resemble meteor 
craters on the earth. Fig\ire 5-13 shows one' of each. 




Figure 5-13 
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You can sec for yourself how craters like these are formed. 
Remember, however, that a real meteor striking a surface 
would be traveling at a very high speed. Your activity can 
only approximate what would really happen if a high-speed 
meteor struck the moon's surface. You will need the follow- 
ing equipment: 

I aluminum pan 
1 sheet of newspaper 
1 small steel ball 
1 meterstick 

Sand ~ 7 

1 floodlight or unshaded bulb ... ... 

1 small glass marble ^ 

1 meter of thread 

Tape 




ACTIVITY 5*1. Lay the theet of newspaper on the floor Place 
the pan in the center of the newepaper. Pour sand Into the 
pan to a depth of about 3 cm. Smooth the eand with your 
hand, but do not shake the pan or pack the sand down. 



ACTIVITY 5-2. Attach the thread to the ball with a small piece 
of tape. 




ACTIVITY 5-3. Hold the ball SO cm above the sand. Leave 
some slack in the thread so that when you release the IniII^ 
it won't be Jerked back. 



ACTIVITY 5-4. Drop the small steel ball into thp sand from 
the 50-cm height. Gently lift the ball straight up out of the 
•and. Then examine the cratec that was formed. Use the 
floodlight to Illuminate the crater from the side at different 
angles. Measure the diameter of the crater. 





□ 5-4. What is (he diameter of the crater? 

't DS-S. Was material thrown "out of the crater as the object 
hit? 

□ 5-6. Is there a raised rim around the crater'.^ 

□ 5-7. Is the tioor of the crater below the level of the sur- 
rounding surface? § 

□ 5-8. How many times greater is the diameter of the crater 
than the diameter of tHe ball? 



When the ball hits Ihe sand, it does work on it to move 
it out of the way. To do work, a body must have energy. 

From your past experience, you may recall that the energy 
of a body in iftotion depends on its mass (the quantity of 
matter) and its speed (how fast it is traveling). You can test 
the effect of these factors by varying them, one at a time, 
and measuring the diameter of the crater formed. First, try 
changing the mass. You have already used the steel ball, so 
now you can ustk the glass marble. 
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ACTIVITY 5-5. Smooth out the sand, but do not pack It down. 
Drop the glass marble from the same 50-cm height. Remove 
the marble and measure the diameter of the crater. 



.GAa99 niarble 



'•o 
'ft' 
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□5-9. What is the diameter of the crater? 

□5-fo. Compare the size of the crater formed by the glass 
marble with that formed by the steel ball. 

The mass of the steel ball is more than twice that of the 
glass marble. Although you could not measure how much, 
you probably noticed that more sand was removed by the 
impact of the steel ball. 

Next, try varying the speed. Two simple rules will help 
you in jnaking this test. 

r 

r Objects of the same size when dropped from the same 
height fall at the same speed, no matter how heavy they 
are. Excursion 4-1, "Time to Fall," should help you 
understated this statement. 

2. A body hits at a greater speed if it is dropped from 
a greater height. 

Rule 1 means that the steel ball and the glass marble fell 
at equal speeds in Activities^5-4 and 5-5. Rule 2 will enable 
you to test the effect of spe^d on crater formation. 



i 

ACTIVITY 5-6. Smooth out the 8*nd agaJn, but do not pack 
K down. Drop the steel ball Inter the sand from a height of 
1 m. Measure the diameter of the crater after removing the 
ball. 




□5-11. What is the diameter of the crate^? . 

□5-12. Compare the size of the crater formed by dropping 
the ball from 1 m with the one formed' by the 50-cm drop. 

Your investigation should have shown that both the mass 
of the object and its speed have an eflect on the size of the 
crater that is formed. Most meteors that have been studied 
are composed of generally similar materials. They were not 
as different as your steel ball and glass marble. Therefore, 
an increase in mass would mean a meteor of greater diahie- 
tcr. , ^ : ^ 

You probably found that the diameter of the crater was 
about three times greater than the" diameter of the steel ball. 
You probably also found that the diameter of the crater 
increased by about 4 times with an increase in the speed 
of the object (caused in this case by the greater height from 
which the ball was dropped). At the enormous speeds at 
which meteors hit the surface of the earth, geologists estimate 
that the diameter of the crater formed is usually about twenty 
times the diameter of the meteor! 

□5-13. If the meteor crater is about 1,200 meters in (Jiame- 
tcr, what do you predict was the diameter of the meteor that 
created it? 
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An object so large and traveling at a high speed must have 
created a bhist like an atomic bomb. The terrific heat gener- 
ated by the energy impact vapOri/xd part of the earth's 
surface and part or the meteor. Perhaps you noticed the 
simihirity of the crater formed by the underground atomic 
blast (Figure 5-11) and the Arizona, Austraii;), and Quebec 
craters. Scientists believe impact explosions made them all 
look somewhat alike. 

You wiltbe investigating other kinds of surfhce features 
shortly. But perhaps you would like to know why the flood- 
light was used to illuminate the craters you formed. The next 
activity will show you the reason 




ACTIVITY 5-7- Form another Impact crater In the sand by 
diLopping a steel ball. Close to the crater, make a circular hill 
by pouring some extra sand onto the surface. Light the area 
from the side with the floodlight. 

□5-14. Describe the appearance of the hill and the crater 
when lighted from the side. \ 



ACTIVITY 5-8. Move the floodlight so that it shines straight 
down on the hill and the crater. 

, P5-15. In what way did a change in the angle of lighting 
68 CHAPTER 5 change the appearance of the features on the sand surface? 



Observers of (he moon have found that they can (el! much 
more about the features il (he !igh( comes (roni (he side. 
The depths of craters and heights o(" mountains are more 
clearly defined than with hghting from above. The following 
figures illustrate (his. 




Figure 5-14 



S Figure 5-15 



Both photos are of a large cratjer on the far side of the 
moon. Figure 5- 14. was made with the sun overhead. Figure 
5-15 had the sun shining from the side. Notice how the 
details show up in Figure 5-15. 
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n5-16» From which direction was flic light coming in Fig- 
ure 5-l5Jabwe'Or below? 

Many craters ob the moon do not have sharp rimj>. They 
look as if they have been worn <io\yn or eroded since they 
were formed. YOn cart make this happen with your sand 
crater. 



ACTIVITY 5-9. Form a sharp crater by droppmg a steel ball 
(rom a 1^ |i^ht. Lift thf ball out. Then lig»\t the crater 
fr^m ttie side to observe t^e rim. Sprinkle a small amount 



df];s&nt( on.and^around th^ crater. Then observe the crater 



rfnx^ajBUfi 




□5-1Tv,Describe tK<^Veflr^ c)f the sand's felling on .the pm 
of thdNx:rater? I . . • ^ ' ^ . 

There no weather on the moon's s\^r^ftcct That is, there 
is no raii\, snow, or^ind. With po we^tKi^r^vy^u would expect 
the surface to stay sharp .and ckart. .But scW^^ believe the 
mo^n. is constantly bombarded bj^/particles^om 




,.□5*18. "How would' constant bornbardnient of small pajrti^ 
^^cles affect the sharpndss of" the moon's; features? . ■ 
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□5-1$. Suppose a' large object struck the surface ficar a 
crater. What .do you predict woyld happen? v 



, Now che^k your preqiction 




^6- 



. ACTIVITY 5-10. Repour the sand so that it Is not packed down. 

' Drop a steel ball Irom 1 m to lorm a crater. Lift it out and 
then drop It again close enough to the lirst to form overlap- 
ping c^at^Vs. Light the craters from the side. 



I 





□ 5-20. Was material thrown iVoin the seeond efaler into the 
first? 

□ 5-21. Suppose you didn't know which crater was formed 
first. Could .you tell, by the overlapping pattern, which' crater 
is the (Jider and which the younger? Explain your answer. 

PROBLEIWI BREAK 5-1 

In the.moon photo shown iii Figure 5-16, there are several 
..cratjCrs and hills. Make a rough sketch iivFigure-f- 17 of your 
RecWrd Book, idehlifying the hills with a small h and the 
craters with a small c. If you can identify the "^overlapping 
craters, put a'l on the one that was formed lirst, a 2 pn the 
one that came next, and a 3 on the youngest one. 




iFlgure 5-16 
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vFigur* 5-17 



Figure 5-18 



Galileo and other scientists who studied the moon long 
ago saw that some craters looked very difl'erent from others. 
Streaks of light-colored material sedned to branch out from 
them. Ooe of the best known gfoups of these craters is shown 
in Figure 5-18. The large crater Copernicus is at the right 
edge in the photo. Kepler is to the 'left of Copernicus, just 
right of cerfter. Aristarchus is to the left of center and above 
Copernicus Jlnd Kepler. ^ 





You probably noticed that the i>lrcaks, which arc called 
rays, go out from ihc cralcr Hke spokes of- a whel^l. They 
cross the dark surface areas and other craters. A closer look 
at part of the area might help. Figure 5-1*9 is a closer view 
of AristarCHXis, showing (he rays in more detail. 
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1 meter. 




□ 5-22. Where do the materials that form the rays seem to 
have cony^ from? 

□ 5-23. Why do you think the rays are lighter colored than 
the surrounding area? 

Question 5-23 is difficult. But a little thought might help 
you pome up with a good answer. You probably said that 
the fay materials seem to have come from the crater. This 
means that they came from below the surface of the moon. 
Perhaps you~sh6uld make~a closer examiriatioh of the craters 
you formed by dropping the steel ball For a better approxi- 
mation of the moon'« surface, use a different substance in 
the pan. Get any of the following materials that you need 
(you may still have the first four items): 

I aluminum pan 
I sheet of newspaper 
1 small steel ball, with thread attached 
I meterstick 
Bentonite powder 

Rottenstonc ? - 
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ACTIVITY 5-1 1 . Spread the newspaper on the floor, and place 
the pan In the center. Pour the bentonite Into the pan a 
deptti of about 2 cm. Drop the steel bail from 1 m, observing 
the crater as it forms. ^ 

□5-24. Was material thrown out o^^h^ crater? % 

□5-25. Did it form a ray system of a different color than 
the surface? / — 

r ■ ■■ / , ^- . ^ • V 

Apparently, something happened on the moon to cause 
the material pn the surface to be darker than the material 
under the surface. The same thing did not happen with the 
bentonite. What could have darkened the surface of the 
moon? 

You know that the moon has no wpather conditions as we 
know them on the earth, and it has no air. ^ 



With no atmosphere lo cul down (he hghl from the sun, 
the moon has much more intense sunshine. 1'he radiation 
also histi> for a longer moon day. Could il be (hat the various 
rays from the sun have a darkening ctVcct on the moon's 
surface? You can see whether iheyJiave a similar effect here 
on earth. You will need the following things: 

I square of light-scnsilive paper (protected from light until 

ready for use) 
Coin, key, and oljier opaque -objects 




ACTIVITY 5*12. Lay the light-sensitive paper on a window 
ledge or oth6r>.sp6t where it can receive bright sunlight. If 
it is an overcast day, use the floodlight. Lay a key, a coin, 
and other objects on the paper. Let them remain for several 
minutes. 



□ 5-26. .Describe the paper after several minutes have passed 
and the objects have btien Vcmoved. 

• Light rays )lU> darken some materials. The effect of solar 
' radiattoi^^^fPthe mo6n\s surface might account for a dark- 
ening 'Of 'the ,top layer. The top layer protects the material 
underneath from the sun\s rays. Thus, the underlying mate- 
rial should be lighter in color. You can see for yourself what 
.tiappeift when a meteor strikes such a s^urface. ■ 



Rottenstono 




ACTIVITY 5-13. Smooth the surface of the bentonite. Lightly 
shake the rottenstone over the surface so that a thin, even 
layer is formed. This dark layer represents the surface pf the 
moon, darkened by so\^r radiation? Now drop the steel bail 
from a 1-m height > ^ ^ 



CHAPTER 5 75 



m 



□ 5-27. Describe your observation of the crater thai formed. 

□ 5-28. Do the rays that arc formed resemble the ones from 
certain craters on the moon? ^ 

The rays on your model of the nioon\s surface probably 
don't extend very far. The ones on the moon seem to Con- 
tinue for very long distances. Some thought about the condi- 
tions on the moon as compared with those on the earth 
should help to explain this difference. 

□ 5-29. How does gravity on the moon compare with that 
on the earth? 

□ 5-30. How would air resistance on the moon compare with 
that on the earth? 
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If you are not sure of your answers to the last two ques- 
|:|^2<#ilJ ;tCi[^§]^^^ tions, try Excursion 5-1, "Less Force/' 

It is believed that when large meteors hit the moon and 
formed craters such as Arista rchus, Copernicus, and Kepler, 
many pieces of the meteors and of the moon were thrown 
oiy of the crater. The speed at which this material was 
thrown m'llst have been ^tremendous. W^th no air resistance 
and much less. gravity than on the earth, some of these parti- 
cles left the moon and went into space. Soijie are known 
to have bcenxaptUred by the gravity, of the earth. 

Figure 5-21 



76 CHAPTER 5 






S9 



If you look closely at (he rays extciuiing fionV the crater 
Keplcr^ you can sec they ci>nsist of many small craters (figure 
5-21). Each of these is siirroiindctl by ejected dust. This dust 
sometimes forms in dunes like sand dunes on the earth. 

Sand dunes on the earth are formed by the movement of 
sami by water or air. 

□ 5-31. Are dust dunes on the mooij formed in the same 
way as the sand dunes on the earth? l-:.xplain your answer. 

Apparently many of the large crater^ on the moon were 
formed by mcleors. This does not mean that other things, 
like volcanic action, could not haVe formed craters. There 
may be examples of other kinds of craters in areas that you 
have not yet examined. But from your observations of fea- 
ture.<5 on the earth and a comparison with the moon's lea-,, 
tures, you probably agree with scientists that meteor impact 
was a major cause of the large holes in the sufface of the 
moon. . 

Before going on, do Self Evaluation 5 In your Record Book. 
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You have spent most of your time looking at holes jn the 
surface of the moon. Perhaps you noticed another feature 
about these hmar craters that is unusual. Some of the large 
craters have central peaks extending up from the Hat crater 
floor. Figure 6-1 is a view of the crater Theophilus. The 
central peaks (arrow) show very clearly. The crater is almost 
100 km in diameter and approximately 6.5 km deep. The 
central peak is more than 2,000 meters high. It compares 
with the tallest mountain in the eastern United States. 




Scientists know that when a meteorite strikp^ a surface at 
high speed, a tremendous amount of heat is produced. They 
believe both the surface ;j»nd the meteorite melt. Thus, both 
behave like liquids. This liquid behavior could certainly 
affect the appearance of the surface following the impact. 
To see what effect m^^y occur, you need to examine the 
behavior of liquids oti impact. To do this, you will need the 
following equipment: ; 



I medicine dropper;^ 
1 jar or glass of wdter 
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Figure 6-1 
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ACTIVITY 6-1 . Fill the dropper with water. Hold It a •hort 
distance above the jar of water. Let one drop of water fall, 
watching the surface of the water in the Jar carefully. 

Repeat Activity 6-1 several times, watching the surface of 
the wafer from diflerent viewpoints. 

□6-1. Describe the action of the surface of the water as the 
drop hits it 



Giving an accurate description was probably difficult The 
action occurs very fast. High-speed photographs have been 
taken of a drop hitting the water's surface (Figure 6-2). 
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Figure 6-2 
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Here is the sequence of events. 

1. The drop nears the surface. 

2. A crater forms as the drop hits. 

3. The crater widens. 

4. The crater flattens. 

5. The edges of the crater flow back toward the center. 

6. A central peak forms as the edges come back together. 

Now find out what happens when a drop of water hits 
the bentonite surface that represents the moon. In addition 
to the medicine dropper and water, you will need the follow- 
ing: ' 

f 

1 piece of cardboard 
Bentonite 
Rollenstonc , 
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ACTIVITY 6-2. Spread a layer of benlonite on the center of 
the cardboard. Have the layer vary in thickness from about 
2 mm In one spot to just barely covering the cardboard in 
another. 




ACTIVITY 6-3. DusVlb very thin layer of roHenstone over all 
the bentonite layer. 




ACTIVITY 6-4. Drop water, one drop at a time, from th^ med- 
icine dropper onto the material on the cardboard. Have one 
drop hit where the layer is thick. Have another hit where the 
layer is thin. 

Try to get at least one pair of overlapping criaters. Save your 
craters to hfelp you answer the following questions. 



□6-2- Can you identify any ccn\ra! peaks jn thq drop craters? 

□6-3. If your answer to question 6-2 is Yes, di^ (he most 
pronounced peaks form where the hiycr was thick, or thin? 

□6-4, Use what you learned in this activity to explain why 
you think some craters on the moon have central peaks and 
others do not. 

Not all the features that stick up from the floor of craters 
are formed in the same way as (he central peaks. For a 
number of years, careful scientific obsei^vers have sighted 
what appeared to be glowing red spots in the region of the 
crater Arislarchus (Figures 5-18 and 5-19). In fact, the floor 
of Aristarchus is surprisingly similar to that of Hawaiian 
volcanoes. Therefore, it is believed some kind of volcanic 
activity may stijl be in progress on the moon. 



Figure 6-3 




Figure 6-3 shows a closeup of Aristarchus. Note the fairly 
flat, ridged floor and the many dome-shaped hills, 
; In one type oF volcano^ solid material consisting of cinders, 

^ ,<jsh, and rock is thrown out of a central opening. A simple 

; activity can show you what type of formation can be ex- 

pected. You will need the fallowing equipment: 

' 1 plastic straw . ^ 

1 candle (or burner if available) and matches / . 
' 1 pan of sand ^ S 

; . 1 sheet of newspaper . ^ 
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ACTIVITY 6-5. Light the pandle. Gently heat the straw about 
1 cm from the end. Move it back and forth over the flame 
.as you hrfat It. When it starts to ben<;l, remove it from the flame 
and form a right angle bend as shown. Blow out the candle. 
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ACTIVITY 6-6. Lay the newspaper on the table, and place the 
pan of sand on It. Push the bent part of the straw under the 
surface of the sand, with the bend pointfhg upVvard. Gently 
blow into the straw. 




The crater and mound that you have just fofmedxslilTiild 
look a bit like the one shown in Figure 5-7 and another you., 
can see in Figure 6^4. However, there is one dilfereiice. 
When a cinder cone' is formed, hke that shown in Figure 
6-4, a lot of material is brought up from under the- surfaced 
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The cinder cone of PaHcutin, one of the Icw^olcanoc^^P^ 
that have formed in modcrrt tihics, is in Mexico. It began 
to^row in a cornfield in 1943 and is now more than 400 
meters high (Figure 6-4). 

Using the straw, you may have found you didn't have 
enough material to be lifted by the air Try doing the activity 
in a shghtly different way. 




ACTIVITY 6-7. Blow into the'straw as bafora^ but at tha tama 
tima pour sand from your hand into tha cratar. You will ba 
furnishing tha matarial from abova Instaad of undamaath. 
Continua blowing for a short tima aftar you finish pouring. 



□6-5. How does the shape of the cone compare with the ^ 
cinder cones in Figures 5-7 and 6-4? 

□6-6. Is the position of the prater in the mound similar? 
, □6-7, Is the shape of the crater similar? 



□6-8.xWhat is the-^osition of the crater floor with respect 
to the surrounding area? 

□6-9. What happened to the ejected material? / - 

. • , .. ' ■ . ■ ../ ■ •.; , 

Several cinder cones show on the far wall ,<<f the moon 
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crater Copernicuii (Figure 6-5). There are al§o craters nfcarby 
aljat look difl'erent from those in the copes: The cone near 
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the upper left corner ^liows rocks inside the crater and on 
the outer slope pf the cone. The same features show in the 
concat the , bottom, ' ^ 

In S9m^ earth volcanoes, melted rock builds up pressure 
imdi^r the ground. It bulees the solid rock above it upward. 
^ The following activity \viH help you visualize what hap- 
pens in such ^ase. You will need the f^)^llowing equipment: 

1 pan of benlonite 
I balloon 
1 plastic straw 
Cellophane tape 



ACTIVITY 6-8, Fasten the ballodn to the straw with tape. Dig 
a deep trench in fheJy^tonUe, and lay the balloon in it, with 
the other end of the straw over the edge of the pan. Cover 
the balloon with benJlonite, and smooth it down. Then blow 
gently Into the straw. 



Figure 6-5 
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LJ6-10., DcscHbe the action of the bcnionitc as the balloon 
expands. 

An undcrgrouB^^'flow (>f molten rock, called magma, could 
exert a lifting force like this on the moon's surface,^ This 
could have caused the surface to become domed and 
crjickcd. If the pressure of the magma were great enough, 
the fluid lava could have flowed out through the cracks, or 
fissures, and formed pools, or flows/ on the moon's surface. 
Successive layers of .laya could have covered the original 
dome that was formed, creating a domed mountain. 




- Notice the pattim of domes and ridges in the foreground 
(Figure 6-6). The crirter Marius is in th^ upper right back- 
ground. The domes are up to 16 km in diameter and almost 
500 meters hieh. Thicy are similar to volcanic domes in 
nof^hern California and Oregon. The irregular ridges could 
have TRjen formed )yy lava flov(ing over the surface. 

Larg6 .areas of California, Oregon, and Washington are, 
covered with lava flow^ from volcanic activity that'occutrca 
centurie;S;ago; When lava cools froni its over lOOO^'G temper- 
ature^ it forms a rocky layer rich in'nynerals. the earth, 
this surface is changed by weathering. No ^ycathering process 
takes place on the moon, bAt .the surface "becomes scarred 
by meteor impacts afnd covered with dust.' . 

□6-11. Why is there )fiib weathering effect on the moon's 
surface? 



'A 



Many of the dark sea areas on the moon look qiiito^ 
smooth. Others, however, have domes, cones, and rid} 
The seas look as if they might have resulted from lava^ow. 




t^igure 6-7 sho))^/ the Marius Hills area of the largest ma|fc, 
The Ocean of ^$t/rms. Notice the domes and cones, some 
of lyhich are l^eiieved to be volcanicv Notice also the wrin- 
kled ridges T}^amng nearly continuously across the mare. 



PROBLEM/BlREAK 6-1 



One of ihe things that scientists have been rtiost interested 
in is tbe/rclative age.„of .various features on the moon. A 
principal i:eason .foh- bringing back samples of rocks was to 
be arf/ to find out how old they are. It is felt that the age 
of the moon might tell the age of the earth and also 
ho^ii^Ahcy both were formed. 

/But there arc way^ of telling the relative age of parts of 
tn« moon without actually, going there. Figure 6-8 shows a^ 
<^ large area containing seas, craters, rpys, and niourttains. A 
btter and number grid has been added to aid in locating 
le various features. Try .your jiand at deciding which fea- 
tures are oldest and which youngest. ; 
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B 

The following list identifies the features that will bemused 
in the dating. 

■ ^ 

1. C 5 is the brightly rayed crater Copernicus, 

2. E 3 is the unrayed crater Eratosthenes. 

3. Q 4 to D 5 is the ghost crater Stadius. 

4. E 1 is the crater Wallace, 

5. E 3 to G 1 is the'Apennine Mountains. 

6. EF 1 to E 2 is the Sea of 'Rains ^Mare Imbrium). 

7. F 3 to F 4 is Seething Bayv 

Examine thesj)hoto carefully for clues. For instance, you 
will note that the bright rays from Copernicus extend across 
thie figure in all directions. They even extend right across 
Eratosthenes^ Spme^f the craters have very little dark mare 
material in their floors; others are partly filled with it, like 
Wallace, or completel}^ submerged, like Stadiqs. 

The black mare material comes* right up to the Apenninc 
Mountains, like waWs lapping on a seashore. In fact, if you 
IgI^ at the mooncM your clajsroom, you will $ec that 
thesfe-mpuntains :^e only part Of a huge chain of mountains 
that continue aroiind the Sea of Rains for almost a full circle. 
It loolfrS as if an extremely largev crater had been formed, 
with the mountains as the rim of the crater. 







V 



Make a list of the seven' features above, hav.ng the oldest 
■feature at the top of the list and the youngest feature at the 
bottom. If you feel that you can't tell the dilVerenee .n age 
between two things, list them together (as (h^.s.^nr,e age). Use 
all the available clues .n making your dec.subn^. I hen wnte 
one sentence about each of your cho.ces, tellmg how you 
decided on its place in the list. 

You have investigated the appearance of some of the big 
■■••rcariii^elTfn- tlVe moDTi.-"''i 
a possible explanation for the 'way craters, peaks, and some 
ridges were formed. It also may have helped you see how 
the relative ages of features on the moon are judged. 

Before going on, do Self Evaluation 6 In^our Record Book. 



THIS FEATURE 
IS THE YOUNGEST 
ONE YET 
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A Day on the Moon 



Chapter 7 



Your spacecraft Has been orbiting the moon while yoifve 
examined its features from a distance. Now its time to de~ 
scend to the surface. 

The metliod'^of getting down has been worked out. While 
in funar orbit, the lunar module (LM) separates from the 
command module. One person remains in lunar orbit m the 
command module while the other two descend, in the LM 
(Figure 7-1). 



Figure 7-1 



VISIBILITY PHASE 



1 '!!J !> 



LANDING PHASE 

Vertical velocity 8 m/sec 




Lunar 
surface 



□7-1. From the observations you have made, list the things 
you might encounter at your landing site that could make 
the landing difficult, 
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Before leaving the LM, you wQuld put on a heavy protcc- 
five suit. 

□7-2. With this heavy suit, it would be somewhat difficult 
to walk around on the earth. Why would it be easier to walk 
on the ,moon? ^ 

Suppose you stepped out onto the moon's surface just at 
sunrise. How many hours of sunlight would you have to 
investigate its surface? In other words, how long is a moon 
"day? ' " 

For most places on the earth, daylight usually lasts only 
part of each 24'hour period. What is a moon day like? The 
following activity can show you. Work with a partner/ You 
wi 1 r n eed tfie Tol^ 

1 floodlight 1? 
1 large Styrofoam ball 

1 small Styrofoam ball 

2 T-pins 

1 piece x>f cardboard | . v 
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ACTIVITY 7-1 . Piith the two T-pins up through th# cardboar J 
at the positions shown. Push the large Styrofoam ball ontp 
one pin, and the small ball onto the other pin. Mark an X 
each of the balls with a pencil or pen. 



ACTIVITY 7-2. 8«t up th« lloodllght about 1 m away on the 
tabto or lloor. Turn the ball* until you hava tha X mark* In 
Una and facii)^ lha floodlight. 

Tha llQht^rapratantt th0 tun. Tha larga ball rapraaanta tha 
aarth and tha amall one tha moon. 

W« know that tha^aama side of tha ijioon alwaya facaa tha 
•arth. Tharafora, tha X mark on tha moon m\»t\ alwaya ba 
toward tha aarth. 





Moon 



When the fcarth rotates once, this represents a 24-hour day. 
On your Styrofoam earth-the large ball-the X would move 
in]a coi^plete circle during that period. 

□7-3. How much pf'th? earth's surface could be seen from 
the moon in this 24-hour period? 

□7-4. How much of the moon's surface would an observer 
on the earth see during the 24-hour period? ; 

□7-5. Would the side of the earth that is toward the moon 
in Activity 7r2 be' sunlit, or dark (moonlit)? 

□7.«. Would an observer on the earth see a full moon, a 
half moon, or a new moon (unlighted)? 

The entire earth-moon system, as represented by the card- 
board and balls, rotates once in relation to thcT sun every 
29J d^ys. So in a liltle over a week (seven earth days), the 
system would make a iqiiartcr turn. " 
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ACTIVITY 7-3. Turn the cardboard counter-clockwla* M 
Shown. Remember the X on the moon mutt aliwaye point 
toward the earth. ^ 




The earth has rotated on its own axis (pin) a little more than 
seven times, 

□7-7. A$ seen from the^ Styrofoam earth, how much of the 
moon is lighted? ^ 

□7-8« As seen from a man at X on the moon, hpw much 
of the earth is lighted? 



ACTIVITY 7-4. In juat over *even days more, the earth-moon 



ayatem rotatea another quarter^ turn. Rotate the cafdbOjferd m 
ahown. The moon ia now cioaer to the aun« wi)n the X atlll 



toward the earth. 
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□7-9. As seen from the earth, how much of the moon is 
now lighted? . 

The moon in Activity 7-4 is called a new moon. Actually 
it is not completely dark on the side toward the earth. An 
observer caiVmakc out some of the larger features. 

□7-10. Where does the light coiHe from that shines on the 
face of the moon, making it slightly visible? 



If it weren't for this source of light, the face of the new 
moon would be completely black and invisible from the 





ACTIVITY 7-5. Rpt^the earth-mbon system another quarter 
turn. The X on'ihe moon is still toward the earth. 

□7-11. As seen from the earth, how much of the moon is 
.lighted? ^ 

□7-12. As seen from the moon^ how much of the earth is 
lighted? 

The line down the face of the moon where the light and 
shadow meet is called the lerminator. If is the line of erther - 
sunrise or sunset. . . 
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ACTIVITY 7-6. Rotate unother Quarter turn back to the original 
potltlon. 




The complete circuit has taken 29^ earth days. In other 
words, the earth has revolved 29^ times with respect to the 
sun, while the wholes system turned once around. The X on 
the moon still faccs^^ the earth. 

□7-13. How hiany times did the moon rotate with respect 
to the sun during the 29^ day period? ^ 

Rotation of the moon .with respect to the sun would be 
Counted by the number of times in a given period the X faced 
the sun. Remember that you started and ended with the X 
facing the sun. ' 
'r^\ Here is one other thing to set the record straight. While 

the earth-moon system is turning, it also niakes one complete 
trip around the sun each 365^ days. Figure 7-2 illustrates this. 

You can duplicate this picture with your model system by 
moving the cardboard earth-moon system around the flood- 
light sun. The floodlight would have to turn to face tl\c 
rotating bodies at all times. You are really dealing with a 
solar system and an earth-moon subsystem. Check the fol- 
lowing list of motions to be sure that you can visualize all 
of them. ' ^ / 

' • ' ■• ' ' 

-1. The /Carth-moon subsystem revolves arour^ct^tnc sun 

> • . once every 365| earth dftys, \^ 

A 2. The mopn revolves arounii the earth once tevcfy 29J 

3/ The earth rotates on its axis o™ day (24 

■ ' ; .hours). . ' - ''^^'V 

98 CHAPTI^R iX^ ^ 4. The moon rotates on its axis once evdry 29^ earth days. 



□7-14. How long is a moon day from one sunrise until the 
next? . - 

You can probably see now why everything was stated in 
earth days. A moon day is an entirely diflerent thing.. You 
cin also see that if you land on the moon at sunrise, you 
wi|l have ample daylight to makV observations. 

With the same side of the moon pointed toward the earth 
- at all times, an earth-based observer jieverseesdh^gplher sid 
of the moon. But in orbit around the moon, there is an 
opportunity to see atid photograp'li the other side in full 
sunlight. jHis has been done. ^ 

Perhaps you would hke to take a side trip now. If so, do 
Excursion 7-1, "An Excursion to the Far Side." 



AFTEi;iTHI$ CHAPTER 
I'LL BE SPINNING/ 
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, Moon 
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Well, your time on the moon is up .You must blast off 
at the right moment to meet the command module that has 
been orbiting. After joining up, ycHL4Jiscard yoor moon vehi- 
cle and head back for the earth. There she is! 



Before going on, do Self Evaluation 7 In your Record Book. 
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Excursions 



Do you like to take trips,' to try sonietlyngUliflerenl, to sec 
new things? Excursions can give y.ou the chance: In mnhy 
ways they resemble chapters. -Bui chapters carry th^ main 
story line. Excursions are side trips. They may help you to 
go further, they may help yoU go into different material, or 
they 'may just be of interest to }^u. A*rd some excursions are 
► providea to help you ujiderstand ditttcult ideas. 

Whatever way you get there, after you finish an excursion, 
you should return to yoijr place in the text material and con- 
tinue wit^ your work. These ^hort trips can be interesting 
and different. 



Us 







J -w^v*^ * o-S* s?. . 

♦ v»'. rtW>>-Vt. H.^-^ v•^•,♦• ^Mr.-v' /-fi-.V" 

.Ji^'A-'j* ' 'Vn^;<»/v, t***!;/-. '.^.yv,- n^. ,^fc*-f; .y4 * ^ 

^Ji^ ^'f^ :t>*.'V-?^- 'it. v;^-^-. ■ i^v^^Ai> ,«a,?ic- x'-jy..fts . 



C' ^♦-^s- 



J i:- 



1^1 





/ 



...... , ^ . ^j^r'^ u 



JIVE? 



■ipiipipiipipi^ 




Mewtons of Force 



Excursion 





Look around you. Everything thai you can see hasf force 
acting on it. The chairAtlw: desk!, your books, even you and 
your classmates are beiVg pulled toward, the ifenter of the 

-earth. \ 
, Why don't you notice this pull? Well, it's simply because, 
this pull of gravity is balanced by other forces. Your desk ^ 
pushes up on this book, and the floor pushes up on your 
chair, on your desk, and on the people in you^ room. As 
long as the force on an object is balanced by an equal a>id 
opposite force, the object Remains in its present state of 
motion. Moving objects continue to move; stationary objects 
remain stationary. 

□ 1. What happens to an object when art unbalanced force 
(a force that is not. balanced by another force in,aie opposite 
direction) acts on it? : ' . * 

Let's find out. Suppose one of your classmates drops a 
rubber ball,^ as shown in Figure .,1. 

□2. What happe;is to the ball? • 




Figure 1 
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□3. the 6all falls toward the floor, what happens to its 
speed? 

□4. Wlibn the ball hits the solid floor, what happens to it? 

If you had a high-speed camera focused on the ball as 
it hit the floor, you coutd see, in detail, what happens. Figure 
2 diagrams this. 
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1. Th,e ball approaches^ the floor, 

2. 1rhe ball touches the floor. 

3. The solid floor stops the bottom of the ball. The rest 
of the, l>kll continues moving, and the ball is com- 
pressed, or flattened. , ^ 

4. The elastic ball material pushes on the floor and on 
itself. Then it begins to regain its shape. 

5. And it bounces upward/ \ ' 

□5. riow must the upward elastic force on the ball compare 
with the force of gravity to make the ball bounce? 

As the ball continues upward from the floor, what hap- 
pens to its speed? 

■ . * ■ ■ 

This could all be summed up by saying, "An unbalanced 

force on an object causes a change , in its motion." But^ in 
frame 3 of Figure 2, yoU see another effect of an unbalanced 
force. A falling ball, stopped by the floor, changes its.i^hape. 
In this case, one part of an elastic object can^t move, and 
the unbalanced force of motion causes the ball to change 
shape (compress, then expand). 



Measuring force by measuring changes in motion is usu- 
ally difficult to do. Measuring the change in shape of an 
elastic object turns out to be an easier way of measuring 
force. Perhaps you have used an ISCS force measurer before 
and have seen its blade bend lender a force. It's worth look- 
ing at again. You will need the following equipntfent: 

...^.J-ibrGe -measurer, with thin and thiclc blades 
4 sinkers 

3 paper-clip hooks 
1 0-1 new ton scale 
.1 0-10 newton scale 




ACTIVITY 1. Put the thin blade on the force measurer and 
Insert the 0-1 newton scale. Set the force measurer on the 
edge of the table as shown. Hang 3 hooks (opened paper 
clips) onto the blade. Zero the scale by moving the card until 

T 

the zero mark lines up with the blade tip. 




ACTIVITY 2. Hook sinkers, one at a tirny, to the bottom clip, 
reading th^ force after each sinker is J^ed. Keep adding 
sinkers until the force is about 1 newton. 

, " lie 
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□7, About how much force in newtons did each sinker 
exert? ' , ' \ 

□8. How many sinkers did it tak^e to exert a force of ab<)Ut 
1 ncwton? 

The unit of force t|ie newton (abbreviated N) was named 
after the scientist Sir Isaac Newton, who stated the laws of 
motion 300 years ago. It is the unit of force that will be used 
throughout this course, ' \ 

Notice tl>at the force measurer behaved acCordinglld the 
idea of an unbalanced force causing motion. With no sinkers 
on the blade, the reading was zero. When sinkers were 
added, the blade moved down. Being elastic and fastened 
at one erid, the blade„ changed $hape as a result of the added 
force. 




ACTIVITY 3. Remove the sinkers and hooks from the thin 
force-measurer blade. Replace the blade with the thick one. 
Insert the p-10 newton scale. Hang the three hooks on the 
btllade and zero the scale. Then put the same number of sink- 
ers on the bottom hook that you found exerted a force of 1 
newtpn. (See your answer to question 8.) / 



EXCURSION 2A 



□9. What docs the force measurer read? . 

□10. How many times more force can the thick blade meas- 
ure thiH the thin blade can? 



i 
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$upfK)se you wanted to go the other way and use. the force 
measurer Tor forces only one tenth as great as those measured 
with the thin blade. 

. , y \ 

□ 11. What woifld you have to do? 

You will be faced wiJh this problem later on in ChajMer 2, 
And you^will have afik)ther problem too -upward forces. 

□ Describe how you would u,se the the force measurer 
to measure upward forces. ,/ 

Well, now you kno^y .something about forces and what the 
force ujniit is. Perhaps you would also Jike to know a bit more 
about the laws of force and motii>)n that Newton stated. In 
simple terms, here is what he said. ' 





1. If all the forces acting on an object are in balance, the 
object will remain as it is. 

2. If an unbalanced force acts ofi an pbject, the motion 
of the object will.change. The am.ount that the motion 
changes will tieperid upon how much force acts and 
how massive the body is. ' 

3. If one object exerts a force on a second object to change 
its motion, then the second object exerts an equal and 
opposite fOr«e on the first object to change its motion. 

You have already had some^ experience with the first two 
statements. Your force measurer should have helped you see 
how they worked. The thirdpne, called ihe reaction principle, 
is one of the main ideas in rocket?. The air and water inside 
the water rocket exert a force oh the rocket's inner walls. At 
the same time, these walls exert an ec^ua! force on the water 
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and air. If for some r-eason the balance is lost, a change in 
.^notion or shape or both will occur. ^ 



□ 13, If the nozzle is opened, will there be a balance of 
forces? 



.....\ 
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The Big Push Excursion 3-1 



Figure 1 

A force is produced in the, chamber of the rocket engine. 
This force pushes material out the nozzle, producing a for- 
ward thrust on the rocket. (See Figure l.)The thrust, F, is 
equal to the mass, M, thrown out per second multiplied by 
the speed, V, at which it is thrown. 

To get material to shoot out rapidly, a large force must 
be applied. You probably remember that when a force moves 
matter, work is done. In order to do work, energy is required. 

In the case of your water rocket, air pressure supplied the 

force necessary to do work. You furnished the energy when 
you pumped up the rocket. By building up the air pressure, 
you gave the air a form of potential energy. 

□ 1. What other forms of energy might be used to make 
matter shoot out of a rocket nozzle? 



/ 



The method of giving a rocket the necessary push to get it 
into the sky is'based on ju.^t one thing— throwing something 
out the nozzle. The more thai is thrown and the faster it 
is thrown, the greater push there will be. 
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One of the forms of energy thai you Hstcd should have 
been heat. In your previous science work in Volumes I and 
2 of ISCS, yoiv developed a model (hat included some ideas 
about energy and matter. See how well you can recall those 
ideas. 

If 

□2. What is all matter composed of? 

□3. All the different kinds of matter are made up of one 
or more of t!)e 100 or so kinds of basic particles. What,?|re 
these particles called? 

Q4,-^jPimng^a <^mical r^ction^-newrcombinations^^f atoms 
are formed. Whdte do thp atoms in these new combinations 
come from? 

An clement is composed of only one kind of atom. Com- 
pounds are substances that are composed of two or more 
kinds of atoms. 

□5. Which of the following are formulas representing ele- 
ments? Which represent compounds? HgO; Li; GaCl2; 
HNO3; N^; Fc. 

□6. Energy changes cause particle rearrangements. Is it also 
true th^t particle rearrangements can produce encr^ 
changes? ^ ^ 

Many rocket fuels are made up of hydrocarbon com- 
pounds. These are chemical combinations of the atoms of 
hydrogen and of carbon. Kerosine, a common rocket fuel, 
is a mixture of these hydrocarbons. When the molecules of„ 
this fuel and pure oxygen react, their particles come together 
in new ways to form new substances — mostly carbon dioxide 
.(CO2) and water (H2O). When this chemical change tal^es 
place in the combustion chamber of the rocket, the energy 
stored in the chemical compounds is released as heat. (See 
Figure 2.). . V 



When kerosine is burned with pure oxygen, the tempiira- 
tiire in the rocket chamber is about 300p^C. With hydrogfcn 
as the fuel, the temperature is highe^p/MiU. 



You may remember investigating in ISCS Volume 2 how 
: heat affects the particles of matter. These investigations 
showed that as heat is added to a substance, its temperature 
increases. And as the temperature increases, the'particles of 
the substance vibrate and move around with more and more 
-speed. The final efl'ect is expansion of the substance. 

In the rocket engine, a great deal of heat is set free as ^ ; 

the fuel burns. The particles of reactants and products move 

very rapidly, and the substancfe expands, the higher the 
temperature, the faster the particles move and the more the 

substances expand. ^ ' 

□ 7: What must happen when the swiftly moving particles - ^ 

of the expanding gases strike the walls of the engine? ^ 

Whatever f\iel is used^ the same principle of propulsion 
. . applies. Tremendous forces are exerted on the combustion 

chamber walls because of the bombardment of high-s^eed . . <^ , . 

particles of expanding reactants and products. ^ EXCURSION 3-1 



On one side of the engine there is no wall ig stop the 
particles/ There is only the opening into the engine nozzle. 
Since there is no wall to stop the particles, they rush out 
through the noz/le qt Ijigh speed, Ibrming tjie long tail of 
fire behind the rocket. The unbalanced force on the forward 
end of the C(>^bustion chamber pushes the tocket ahead. 
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Figura 3 
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Shown in Figure 3 is the launching of Apollo 16. Note 
the flames and smoke belchihg from the first stage. 

Anything that will burn rapidly can be used as a rocket 
fuel. One of the most powerful combinations use5^o oxygen 
at all for the reaction^ The elements hydrogen and fluorine 
comibine violently, producing a large amount of lieat and 
giving the greatest amount of push per pound of fuel used. 
Because fluorine is so cdrrosive and so difficult to handle 
however, it has not been used successfully in big rockets. 



One Stage 
at a Time 
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The AfJoJlo spacecraft that has made trips to the moon con- 
sist of a command module (CM), a service module (SM), 
and a lunar module (LM). (See Figure 1.) It has a mass of 
about 45,000 kg. 

Three stages of the Saturn V rocket send the Apollo space- 
craft on its way. 



The third stage of the Sdturn V rocket 
has a mass of almost 120,000 kg. 



Th^ second stage of the Saturn V rocket 
has a mass of more than 480,000 kg. 



Th0 flr^t stage of the Saturn V r^tk^t 
has a mass of about 2,200.000 kg. 



■Sfvl 



Instrument 
unit 

Third stage 

(S-IVB) , 



Second sf ge 
(S-ll) 



8^ 



First stage 
(S-IC) 



Flgur# 1 

^ As you can see, the Apollo spacecraft has a small mass 
compared with the three stages of the Saturn V racket. To 
understand why this is so, yoii first need to do an activity 
based on an idea that has been around for a long time. Then 
ypu can look at how the stages of a rocket operate. 
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Sir Isaac Newton made the first clear statement of an idea 
that has been extremely i^riportani in science, and especially 
useful in rocketry. This idea is called Newton's third law of 
motion. It says, "To every action there is an equal and oppo- 
site reaction." In terms that apply to rockets, this means that 
if you throw something out in one direction from a vehicle, 
there will be a force on the vehicle to push it in the opposite 
direction. You can investigate this important idea by using 
the water-clock cart. 

You will need the apparatus shown in Figure 2. If this 
apparatus has already been constructed by another student 
or your teacher, skip Activities I through 4. OlhtTwise, you 
will need the following equipment: , 

1 cart, without water clock. . 

2 metal coat hangers 
I half-kilogram rnass 
4 lead sinkers , 
I small piec^ of tape . 

1 piece of string, 0.5 metfr long 

2 paper clips 
Scissors 
Pliers or vise 



ACTIVITY, 1. Using a Wlr« cutt«r, tout •ach coat hangar In lha 
exact cantar of the hbrlzontal bottom bar. 




ACTIVITY 2. Straighten all the bands In tha wir* of aach 
hang*r. Do not change the hook or the twisted part of althar 
"one.. ■ ■ " 




4. 




ACTIVITY 3. Using pliers or a vise, make two 90" bends In 
the two ends of each hanger as shown. Be sure that, when 
the trends are made, the distances from the top of the hook 
to th« first bend are all the same for both hangers. 



ACTIVITY 4. Insert the two ends of thf» hangers Into the two 
holes on each side of the cart. Straighten the hooks on tKe 
top of the hangers so that they point Inward. Put a small piece 
of tape around them to hold them together. 



Loops 




ACTIVITY 5. Make a loop In one end of the piece of string. 
Op«n a paper clip, and hook It over the top of the hangers. 
Slip the loop over the bottom of this hook. Make a loo^ in 
tha other end of the string, and attach another paper-clip 
hook. Hang the half-kilogram mass on the bottom hook. Ad- 
just one loop. If necessary, so that the mass swings freely 
without hitting the cart. 



' straighten 
hooks 
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ACTIVITY 6. Set the cart on e\ smooth, level surface. Hold 
the cart with one hand, and pull the rftass back a short' die* 
tance (about 5 cm) with the other hand. Release the cart and 
the mass at the same time and observe the reaction of the 
cart ae the mass swings back and forth. 



n/' What happens to the carl as the mass swings? 

2. As the mass moves in one direction, in what direction 
the cart move? 



You should have observed the ''opposite reaction** idea 
10 operation. As the mass moves one way, the cart moves 
in the opposite direction. 

Now see what happens when the amount of swing in- 
creases. 
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ACTIVITY 7. Hold the cart so that it cannot move. Pull the 
mass back about 5 cm» and let it swing* Count the number 
of short swings that it makes in 10 seconds. A ''swlhg'' Is 
a round trip from the starting position. Then pull the meee 
back about twice as far, and let it swing. Count the numlMr 
of long swings that it makes in 10 seconds. 




□ 3. What is the number ol slioi! swings it made in 10 sec- 
oiuls? 

□4. What is the number of long swings it made in 10 sec- 
onds? 

□ 5. Is the number of swings in !0 seconds about the same 
in the two trials? 

The time for each swing should be about the same. The 
distance that the mass travels, however, is greater with a long 
swing. Therefore, the speed of the mass must be diflercnt 
in the two cases- 

□6. Ill which case (the J^hort swing, or the long swing) was 
the spVcd of the mass greater? 

□7. In which cas^ (the short swing, or the long swing) did 
the cart receive the greater push?. 



□8. Does inpreasine the speed of the mass increase the force 
acting on the cart? How do you know? 

The speed of the swinging mass affecis the movei^nt of 
the cart. Would increasing the amount of swinging mass have 
any effect? 




ACTIVITY 8. Mark the cart's positioh. Then measure the dis- 
tance that the cart moves as a result dT one swing of the 
halMcilogram mass. Next, remove the mass, and replace it 
with 4 sinkers. Swing the sinkers from the same position as 
you did the mass, and again measure how far the cart moves 
during one swing. 

128 ' 
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CJ». What distance did a swing of the half-kilogram mass 
move the cart? 

□ 10. What distance did the swing of 4 sinkers move ^.Ihc 
cart? 

□11. Compare the distances that the cart is moved by the 
swing of the halfrkilo^ram mass and by an equal swing of 
the sinkers. \ • ♦ 

The amount of rnass being swung does have an effect pn 
motion of the cart. A greater mass produces niiore reaction 
than a smaller mass. 

What does all this "swinging" haye to do with rockets? 
That's the question you are probably asking. Well, several 
things should be fairly clear by now. 

1. When the attached mass swings in one direction, the 

cart goes in the- opposite direction. 
.2. The larger the swinging mass, the greater the speed of 

the cart. \ 
f^he faster the mass swings, the greater the speed of the 

cart. 

One more investigation should help you see how all this 
relates to the motion of rockets. All you need, in addition 
to the equipment from Activity 8, is a pair of scissors. 
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I ACTIVITY 9, Plac* the raaction cart on the floor with tha J-kg 
imm hanging. Pull the mass back 10 cm from the hanging 
position, and release both mass and cart ' * 
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□ 12. Describe the motion of the cart as the mass swings 
back and forth. 



ACTIVITY 10. Again start the mass swinging from the 10-cm 
position. This time, cut the string just as the mass reaches 
the midpoint of its swing. 




□13. How did the motion of the cart in Activity 10 differ 
from that in Activity 9*^ 

•Newton, and many other scientists since his time, have 
found that throwing mass away from a movable object pro- 
dqces a change in the object's motion. You have been wit- 
nessing that efl'ect. In fact, the force on an object is equal 
to the rate at which it is thrown away multiplied by the speed 
at which it is thrown. In other words, force measured in 
ncwtons equa4s mass in kilograms thrown ^er second times 
the speed that it is tii(X)wn in meters per second. 

F ^ (mass/sec)(speed of mass) 

If 1 kg of mass is thrown away every second at a speed 
of 1 m^eter per second, the force on the cart is 1 newton. 
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1 kg 
mast 



1 newlon of force 
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Figure 3 



Of course, in your experiment the mass wasn't actually 
"thrown away'' from the cart except when you cut the string. 
But the reactions due to the swinging mass were about the 
same as if it had been. There is one big difference, however- 
In a real rocket, when the mass is thrown outj^the total mass 
of the rocket and its fuel is decreasing. Thus, there is less 
mass to be pushed ahead by the rocket engine. So a real 
rocket works even better than your reaction cart 

Now let's get back to those rocket stages. Why arc they 
needed and why is the first one so large? ^ } 



Suppose Iggy has a cart whose 'mass is 10 kg, and suppose 
Iggy's mass is 50 kg. With just Iggy sitting on t|ic cisirt, the 
total mass is 60 kg. Now suppose he loads 60 bricks on the 
cart. Each brick has a mass of 1 kg, so all of them together 
would make the total mass of the cart and its Contents 120 
kg. Finally, suppose any number of bricks can be jgiven a 
speed of 10 meters '^per second as they are thrown away« The 
illustrations that follow show the eff'ect this would have on 
the speed of the cart. 



60 bricks 



MiMof oar! 
Mass of Iggy 
Mass of bdcitt 

Total mass 



10kg 
50 kg 
eokg 

WKg 





Suppose Iggy {hrcw all the bricks away at the same time, 
(This, of course, would be a huge task.) ^ • 




10 m/sec 




60 bricks 



Recall that the force on the cart is equal to the mass 
thrown away times th^^ speed with which it is thrown. If Iggy 
threw 60 kg of bricks at 10 m/sec, then the force on the 60-kg 
remainder (the cart and Iggy) is F 60 x 10, or 600 N, 

□ 14. If the cart is at jest when the bricks are thrown, how 
will the speed of the cart change? 

□ 15. In what direction will the cart move? • 

Now suppose Iggy throws the bricks out one at a time 
instead of all at once. 

If Iggy threw only 1 brick at 10 m/sec, then the force on 
the cart would be only ^ as much as before. This smaller ' 
force must act not only on Iggy and the cart; it must also .; 
act on the remaining 59 bricks. 



The force from throwing 1 brick is ^ of the force when 
^ bricks are thrown. This smaller force is used to speed up 
almost twice as much mass (Iggy, the cart, and 59 bricks). 
The change in the cart's speed will be much less thari when 
60 bricks are thrown away all at once. 

With each succeeding brick that Iggy throws, the cart 
speeds up by a slightly greater amount. When the 30th brick 
is thrown, the force is still ^ of the force with 60 bricks. 
But now the cart's tot^l mass -is down to times as much 
as that of just Iggy and the cart. .There are 30 bricks remain- 
ing. Se the cart Will speed jyp even faster. 



Every time another brick is thrown away, the force in the 
opposite direction produces an increase in speed. 



Figure 5 



Figure 6 




Figure 7 



10 m/sec 
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Ittttag* 

3120 bricks 




It is possible to calculate how the speed of 'the cart 
changes. These calculations show that throwing all the bricks 
away at once produces more change in speed than throwing: 
them awjfc' one at a time. ^ 

Howc^Sr,,^t isn't easy to throw out all the bricks at once. 
There are two other ways that Iggy could make the cart go 
faster. He could (I) throw^each brick away with a greater 
speed, or (2) carry a bigger load of bricks to throw away. 

There is a limit to the speed that can be given the thrown 
bricks. So it seems that Iggy will simply have to carry more 
bricks if he wants to go faster. 

Iggy and his cart are like a rocket and its payload. Iggy's 
mass represents the payload. Jhe cart represents the rocket. 
The mass of the bricks (fuel) just equals the mass of the cart 
and Iggy. If Iggy carried 80 times as much mass in bricks 
as his mass— around 4,000 bricks— the situation would be 
closer to the fuel-spacecraft mass relationship of the Saturn- 
Apollo mentioned on the first page of this excursion. 

The best way for Iggy to do it would be to h?^ve several 
carts hooked together. As soon as all the bricks were thrown 
from one cart, he could cut it loose. Then he wouldn't have 
to use energy to speed up that cart. 




Figur* 8 
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When the 3,120 bricks are thrown from the first stage and 
the cart is dropped off, about 78% of the beginning mass 
is gone. Then 17% is thrown away in the second stage, and 
4% in the third stage. All that is left is ajittle over 1% of 
the amount ^that started out. ^ 

Now perhaps you see the reason for the different rocket 
stiges. And you also can see why such a big first stage is 
needed on the Saturn- Apollo. After the third stage has put 
thclpacecraft into orbit and sent it on its way to the moon, 
it is dropped off, too. All that remains of the 2,900,000 kg 
that lifted off the pad is the spacecraft and the occuptots, 
with a mass of about 45,000 kg. 



Time to FalL^ Excursion 



Sometimes incorrect ideas last for a long time. The great 
Greek philosopher and scientist Aristotle stated some rules 
of motion that lasted for 2,000 years. The rules were in- 
correct, but until Galileo tried .some expehments, they were 
generally believed true. One faulty rule that survived trom 
Aristotle's time (384-322 n.c.) declared that heavy objects 
fall faster than Ught ones. 

Galileo i^ said to have discovered somethmg about tallmg 
objects when he watched the^ swinging of a chandelier m the 
cathedral at Pisa, Italy. As he watched the massive o^jept 
svsiHjg back and forth, he timed, it with his pulse. When he 
returned home; he made pendula of difterent kinds and 
timed them in the same way. You can do an activity to 
discover how a pendulum operates, just as Galileo did. You 
will need the following equipment: 

1 steel ball ^ 

1 glass marble 

2 pieces of string, each 1 meter long 
4 small pieces of tape 




ACTIVITY 1. Use small pieces of tape to fasten one string 
to the steel ball and the other string to the glass marble. 
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Now Jet's " sec if you can discover the same thing that 
Galileo did as Jijc watched the swinging chandeUer- First use 
the steel ball. 



l-in 
Ningth 



r 



ACTiymr '2, Tafsi th» rtfcw •nd of th» string to th» top of 
is^ opening tuch at a door or window. Be aura to aalact am 
araa whara tha'ataal t>all can awing fraaiy at tha and of tti« 
1-matar atrlng. 



ACTIVITY 3. Pull tha ataal.ball back about 10 cm and r«lawM 
It. Uaa a watch or clocit to find out tha tima It takaa for 10 
complata awinga. A complata awing maana tha ball awinga 
from A acroaa to B and back to A again. You may want to 
hava aomaona halp you with tha counting and tlmfng. 
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□1. What is the time (in seconds) for 10 complete swings?-.^ 
□2. What is thejime (in sccond^s) for 1 complete swing? - 

A * . ■ ■ • .... . '"^ . 

The time for 1 complete swing of the pendulum (from A 
to B and bjack to A) is called the parlod. 



ACTIVITY 4. Now pull the steel Ijall back ak^out 20 cm and 
nriease It. Find the time for 10 complete swings again. 



□3. What is the time (in seconds) for 10 complete swings? 

□4. What is the period of the penduhim (time for I com- 
plete swing)? 

Compare the periods in questions 2 and 4. If the timing 
was done correctly, you should have found them to be the 
same. This is the discovery that surprised Galileo and led 
him to further investigation. 

Next you. will experiment with the mass of the ball, 



-J 



20 cm 



^3 



Equal 
lengths 
of string 



^ Glass . A Steel 
^marble ^ balK 



ACTIVITY 5. Nearby, on the «ame support, tape the loose end 
of Ih* string from the nidrbl^. Be sure that the free lengths 
of the two strings are exactly the same. Pull the marble^ahd 
ttio |>||ll back a short distance and release them togetKer. 
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Steal 
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ns. Compare the periods of the two objects. 

The mass of the steel ball is more than twice as great as 
the mass of the glass marble, 

ACTIVITY 6. Shorten the string on the eteel ball to j meter. 
Pull the ball back a short distance and release It. Find the 
length of time for 10 complete twinge again. 

□6. What is the length of time for 10 complete swings? 

-□7. What is yie period of the pendulum? - 

□8. How does this period compare with the period that used 
a 1 -meter length of string? 

You have now investigated size of swing, mass of jhe 
object, and length of the pendulum. 

□9. From your investigations, which of the variables affect 
^the period of the pendulum? ' 

Galilfip reasoned that though the object on the end of the 
string was supported by the string, it was really falling. The 
string forced the object to travel in an arc. He decided that 
x^iince objects of different mass take equal time, to come down 
when suspended on strings of the same length, then they 
should take equal time to fall straight down. 



Figure 1 




Amount 
of fall 
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, Some, stories tell of Galileo*s dropping objects from the 
Leaning Tower of Pisa to test thi$ iJB. The stories are prob- 
^b\y imaginary, but the idea is'not. ualileo, and other scien- 
tists who,foIlbAved him, discovered that without the frictiojri 
drag of air, all bodies fall at the same rate at a given location. 
Irt the near-perfect vacuum of outer space, a feather, a steel 
ball, a spacecraft, and the'moon all fall equally fast; or, you 
could say, equally slow. 
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The Falling Apple Excursion 4-2 



What causes the ii|ipon to orbit around the earth? Isaac 
Newton was sure that it would shoot off in a straight line 
unless there was a force pulling on it. Galileo, who died in 
1642, the year Newton was born, had experimented with 
moving objects. He had found that you need a force to 
change motion. From his own investigations, Newton knew 
that this was true. From your past work, you know this, too. 
Suppose a round ball is rolled on a smooth, flat surface. 

□ 1. If po other force acts 9n the ball, what path will it 
foUow? 



( 



Sometimes the answers to difficult questions arc found in 
strange ways. Newton said that while he was sitting in a 
gatdcn, he found out why the moon always stayed in its 
orbital path. As he was thinking of the problem, an apple 
fell to the ground. Perhaps, thought Newton, the force 
exerted by the earth on the apple is also exerted by the earth 
on the moon. The moon might really be falliiig towa/d the 
earth. But if it is, why hasn't it hit the earth? 




A FALLING APPLE 

Figure 1 
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If you could know Newton's entire reasonings it might 
have gone like this: 

Before the apple fell, it was motionless. When it came 
loose from the tree, it dropped to earth. Obviously, the earth 
attracted the apple. 

But the moon isn't fastened to a tree. It is moving through 
space. If no force were acting on it, it would traveling 
in a straight line. Bui a straight path would carry it a^yay 
from the earth. And Pknow that the moon follows a curved 
path around the earth. Perhaps the earth attracts the moon, 
too. If that attraction were very strong, the moon would soon 

hit the earth. If it we the moon woujd fest 

be out of sight. But with exactly t^ right force of attraction, 
the moon could move tw6 ways at once. It could travel 
through space while it drops toward earth. At the end of 
, ^ , every second, its fall toward earth could just make up for 

its movement away. So instead of flying away in j2l straight 
line, the moon would continue in a curved path around the 
earth. ^ 

Ar^d that is what it does (Figure 2), 

V : FIgura 2 

Moon straight path 




Newton used Ihe laws thai Kepler had stated (or the mo~ 
tion of heavenly bodies. He combined these laws wit(i his 
own and with Galileo's laws ol' nu^lion. Newton discovered 
that bodies attracted each other witfi a (orce that depended 
on their mass (the amount of substance that each contained). 
He found that the force of attraction also depended on how 
far apart the bodies were, and that the force changed with 
the square of the distance between the centers of the objects. 
In simplified mathematical terms, the relation could be writ- 
ten thns: 

Force ^ ass of 1st X mass of 2nd 



(Distance apart)^ 



or 



m, X ni,^ 
d^^ 



Earth 



□2. How many earth radii is the apple from the center of 
the earth? 



Radius: 1,740 km 

Mass: 1/81 of oarlh's mass 



Moon 



Average distance 
between centers: 
380.000 km (60 earth radii) 




Radiua: 6.371 km 
Mass: 81 times as much 
as the moon 

Figure 3 



The moon has been measured to be about 60 earth radii 
from the center of the earth. 

How many times farther away is the moon than the .-^^ 
apple from the center of the earth? 



Square the number that you got in question 3. (Squaring 
a number means multiplying it by itself.) 
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n*. What is the square of the number? 



Your answer to question 4 is the number of timc<; greater 
the earth's pull of gravity is on the apple than on the moon. 
Bodies fall according to the pull of gravity on then^ 

□5. How many times faster will the apple fall toward the 
earth than the moon will fall? 



r 



The mass of an apple is much less than the mass of the 
moon. Therefore, the foi-ce on the moon will be much greater 
than the forc<^n the apple. But the speed of falling docs 
not depend on the mass. It depends solely on their distance 
apart; so the apple still falls 3,600 limes faster. An apple, 
or any other object close to ihte earth's surface, will fall about 
4.9 meters in a second/ The moon falls about 1/3600 as 
much, or just under 0,0014 meter in a second (Figure 4), 



Apple 



\ 




Moon 




1.4 mm ^1 
in 1 aeqcnd 



4.0 m 

in 1 second 



Earth 



Figur* 4 
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This is only 1.4 millimeters in a second. With the moon's 
hprizontal motion, this amount of fall is just enough to keep 
the mt>on going around the earth in a curved path. 

Just think! Newton made these discoveries when he was 
24 years old. That's not much pld^r than ybu. . 



Orbiting Syncom 



Excursion 




You found that the period (the time for one revolution) 
increases as the satellite goes farther from tlie'surface of the 
earth. You also found that the speed a satellite must have 
in order to stay in orbit decreases at greater heights. Fjow- 
ever, putting a satellite in orbit farther out in space takes 
more fuel. Therefore, the lowest possible orbit is used unless 
there is a special reason for having the satellite in a higher 
orbit. Some of the satellites that have been launched have 
needed a distant orbit for just such a special^reason. 

Early In the space age, the value of satellites for comniuni- 
cations was^ recogbized. A radio signal could be beame(J to 
the orbiting object, and this signal could be either reflected 
or rebroadcast to other points of the earth's su^;face. For this 
technique to work best, the satellite has to stay over a given 
point on the earth's .surface all the timt. 

ni. What must the period of the parking orbit be for a good 
communication satellite? 

The earth rotates on its axis once every 24 hours. If a 
satellite could be orbited at the correct height, it could stay 
over the same spot on the surface of the earth as the earth 
turned. Then radio messages could be relayed continuously 
by the satellite. And with a few more such satellites, radio 
and television programs could be sent to all parts of the 
globe. . 




Perhaps you'd like to know how high above the earth a 
satellite must be to always remain above the satne spot* 
Figure 2 has two graphs on one grid. These graphs show 
the relationship of both satellite speed and period to satellite 
height. Using these graphs, you can find the correct height 
for a satellite that has a period of 24 hours. ^ 

The heigh Kof the satellite in thousands of km is shown 
along the side of the page. The period in *hour$ is shown 
across the top and the^ speed in km/sec across the bottom. 
Use the graph to find the answers to the following questions. ^ > 

□2. The height of a satellite whose period is 24 hours is 
how many km? 

□3. The speed of a satellije whose orbit period is 24 hours 

is how many km/sec? . j 

□4, How^does the speed from question 3 compare with the 

speed of a satellite in a parking orbit at a height of 161 km? / i 



□5. What is the period of a satellite in the parkirig orbit 




• - ■ r 

On August 19, 1964, the United Stales placed Syncom 3 
in $ 24-hour orbit over the Pacific Ocean, It was used to relay 
the telecast of the Tokyo Olympics, which it did splendidly. 
Earlier, Syncom 2 had been placed in a 24-hour orbit over 
the Atlantic Ocean to handle east-west transmissions in Jlmf 
area. . . ^ 

The name, Syncom is derived from **synchrpnous commu- 
nication." Synchronous is a word meaning **ih time with/' 
Thus Syncom is a communications satellite that is in time 
with the car(!l*!5 rotation, f 

It might surprise you to know that it took more fticl to 
put the satellite in its high orbit than it would have taken 
to send it to the moon. ' 

0 

t ■ ^ * " 

□6. How can this last statement be explained? 
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Losing Heat 
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Whenever a solid melts (changes to liquid), or a liquid boils 
or^fevaporates (changes to a gas), heat must be involved. For 
example, heat must be added to ice to change it to hquid 
water. Much rnore heat must be added to the liquid water 
to change it to steam. 

Space travel makes use of this heat-absorbing behavior of 
substances. When a space capsule returns to the earth's at- 
mosphere, friction due to contact with the air particles pro- 
duces a huge amount of heat. You may have seen pictures 
of the charred surface of the spacecraft after its Veco very in . 
the ocean. The occupants, however, were unha/med. How 
can they have survi^ved such a hot ride? 

In the 'early days of ^ace exploration, scientists learned 
about the dangers of reentry heat. They knew they had to 
come up with a way to offset the effects of this great heating. 
They decided to coat one side of the capsule with a solid 
material that would melt and th^n boil. If this melting and 
boiling could absorb most of the reentry heat, the re-It of 
the capsule would be safe. They knew that whdt waS' needed 
was a substance that absorbed a lot of heat as melting and 
boiling took place. A substance was found, <and it was used 
to coat the heat shield of the capsule. Now, on space flights, 
as this substance melts and boils away, it removes the excess 
heat due to friction. This heat-removal proce.ss is known as 
ablation— SL surgical term that means "removal." 




J 
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Themiomettr 



Pmp%f clip* 




You can sec how ahbtion works by doing an activity. You 
may want to do this activity at home, where you can use 
the freezer compartment of your refrigerator. Ask your 
teacher to lend you a thermometer to take home with you. 
You will also need a small paper cup, 2 paper clips, ftnd 
a candle. (Perhaps you have some of these at home.) 



1. 



134 EXCURSION 4-4 



Squeeze flat 



Water tevet 



ACTIVITY 1. Put about 50 ml of water in the cup. Sal tha 
ttiarm5;tpiatar in ttia canter q| ttia cup. Squaaza ttia top of tha 
cup)flat to tiia tt)armomatar, and use ttia papar clips to hold 
it. Be aura that tha bulb is in tha cantor and covarad with 
water Put tha cup in tha Umiiz%x compartmant dVamlght. 



J L 



Thermometer 



1 




. Liquid column 



Ice 



ACTIVITY 2. Chack in tha morning to t>a aura that tha watar 
is frozan. Carafully strip off tha papar cup. Tha tharmomatar 
bulb should ramain insida tha ica/ but tha liquid cdlumn 
should ba visibla. Raad tha tamparatura. thart racord tt aa 
your answar to quastion 1. 



X 



ti 7 



□ 1. What is the (cmpcrature x)! (he ice? 



Now think of (he ice coating on (he (hermome(er as repre- 
senting the heat shield of the space capsule. The ihermoni- 
cter rtself can represent (he men in (he capsule You now 
need a source of heat to rcpresen( fric(ion. The candle, or 
some other flame, will do. 




Hold so that \ 
water drops away 
from (lame. 




Candle or 
Match 



ACTIVITY 3. Hold the Ice over a candle or match flame. Be 
careful not to let the flame hit the thermometer. Also, do not 
melt the Ice enough to let the flame hit the bulb. Continue 
reading the thermometer as the Ice melts. 



□ 2- DM the temperature rise as the ice melted? 
n^- What happened to thfe heat from the flame? 

Be sure to return the thermometer' to your teacher. Plastics 
and ceramics (like pottery) have been used as the ablative 
material on spacecraft. Apollo 12 used a brazed stainless- 
stccl honeycomb with an outer layer of phenolic epoxy resin. 
(This resin material is similar 19 the substance that is often 
used to glue materials together.) 

As the capsule-entered the atmosphere, it left behind it 
a meteorlike trail of flowing liquid "and gaseous material. 
Very little heat entered the spacecraft. The heat \vas carried 
away, jUst as the melting ice-carried .the heat away from the 
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Iff 




thermometer by changing first to liquid water, then to Steam. 
In this way the astronauts were protected. 
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ml 
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The force of gravity thai a body exerts depends partly on 
^ the mass of the body. It also depends on how far the center 
of the body is from whtitever object it is attracting. 

When both of these factors-^mass and distance-~-are taken 
into accouitt, the force of gravity exerted by the moon on 
objects at its surface is only ^ as much as the force of gravity 
would be if the objects were on the surface of the earth. This 
means that you or your spacecraft would weigh only ^ as 
much on the moon*s surface as on the earth's surface. 

□1. W)iat is your weight on the earth? 

□2. What would yourVeight be on the moon? 

Because the moon*s force of gravity is weak, it cannot hold 
an atmosphere. So there is no air on the moon. Thus, an 
object moving above the moon*s surface would have no air 
friction to slow it down/The smaller pull of gravity and the 
absence of air friction have a great effect on the way objects 
move on the moon. 
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When a big meteor, traveling at speeds up to 65 km |>cr 
second, strikes the surface of the moon, material is splashed 
out in all directions. Parts of the surface and of the meteor 
are melted or powdered^ The force of the impact gives some 
of the pieces speed that takes them halfway around the 
moon. 

The speed of t^e material that is thrown out determines 
how far it will go. Some chunks go only a short distance. 
Then they hit the surface and may form other craters. Other 
pieces go great distances before hitting the surface. Some 
materials feach a speed high enough to escape the moon^s 
gravity. These pieces shoot out into $|[>ace. 

□3. When the Apollo 1 1 astronauts kicked moon dust with 
their boots, they noted that the particles went a long wjay 
before settling to the surface. How do you account fof this? 
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An E)^ursion to 
the Far Side 



Excursion 7-1 



On August 23, 1966, the first Lunar Orbiter provided a vLcw 
of thenar side of the m9on and i\{ ihc same time showed 
the crescent <!arth. Figure 1 shows this first, slanting, detailed 



scene. 




Note the roiighn^ss and the large number of craters. The 
spacecraft was almost 1,200 km above the surface of the 
moon when this photo was made. The Western Hemisphere 
of the earth is, in sunlight. 

Now let's suppbse you, too, are making this trip. A,s your 
spacecraft swings around to the moon's other side, ydu see 
some features never observed from the earth. 

□ 1. Why have they not been observed? 

From a window<in youf spacecraft, you can examine some 
of these rare sights. 
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Figure 1 
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Figur# 2 



Figure 3 
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Notice the large crater near the bottom (Figure 2). Radia- 
ting from it are two deep troughs. This crater has never been 
named. Perhaps you would like to name it yourself. Another 
feature that stands out is the dark area with a light spot in 
it, in the upper right corner. This is the crater Tsiolkovsky, 
naitied by the Russians for one of their pioneer space scien- 
tists. Let's move in and t^,ke a closer look at the troughs and 
the unnarned crater (Figure 3). 




. The one trough extends northward for more than 250 Tkm. 
In some places it is as much as 8 km wide. The edges arc 
sharp. Notice how the trough cuts right across severa4|)^ratcrs. 

□2- FF6rti\your observations, how would you say the agc^ 
of ^hc^ trough compares with similar features on the front 
si^e of the nribon? 



^53 



r^low you have an even closer look at the huge crater" 
(Figure 4). The southern third of the trough, 1, can be seen 
entering at the left, about a centimeter boh)w the hon/.on. 
The trough ends at the outer nm of the crater. On the right, 
on the crater floor, is an elongated crater with very ilark 
material, 2, around it. 




□3. What do you think could be the source of the dark 
material around the elongated crater? ^ 

Another view of the crater Tsiolkovsky is coming up? It 
is about 200 km in diameter, with a very dark,' smooth floor 
and a prominent central peak (Figure 5). 
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Figure 4 



Figure 5 



Crater Tsiolko.vsky was first viewed on the Russian Luna 
III photos. The dark materia! in the floor has no large craters 
in it. The crater rim is rough and sharp. The area sur- 
rounding the crater shows patterns of ejecta. 
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Figure 6 



Q4. What docs the lack of large craters in the dark floor 
suggest? 

As you continue your orbit on the far side, you pass over 
a basin that is about 300 km in diameter. It has a faint inner 
ring of low hills^ T here are many craters in the floor (Fig- 
ure 6). ^.A^ you look at the photo, imagine that you arc 
hovering above the moon. 



□ 5, What do the many small craters in the floor of the large 
crater in Figure 6 tell you about the relative age of the basin? 

Now you will get one last look north at a large section 
of the lunar surface (Figure 7). 




nil® 
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Figure 7 
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Well it's time to get back to (he^iuH>n's near side. You 
may hiive found your (rip .nieresting. but (he side of the 
moon never seen from tl^e earth ceria.nly offered no starlhng 
surprises It is much hkc ihe near s.de-pcrhaps a bu n^^ore 
ruRged, with fewer htrge 'seas.- The sa.^ie kinds of featur,es 
suggest that the s'ame kinds of events have occurred over the 
entire surface of (he moon. 
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